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PREFACE

The relationship among the volumes of the report is depicted below.

This relationship does not convey all Zhe information contained within each

volume.

Volume I
Results of Cost end Effectiveness Analyses and

Selectton of Optimum Candidate Systems

Volume II
Effectiveness Assessmert of

Candidate Systems

I IVolume III
I a

SInstallatIon Analysts
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Volume IV
Development of

Candidate Systems

Characteristics and Cost Estimates of Mission Proftes of Selected
Svlected Marine Sanitary Devices U.S. Coast Guard Vessels
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SUMMARY OF WASTEWATER MANAGEMENT SYSTEM CONCEPTS

(For Handling Shinboard Black and Gray Wastewaters)

SoIV'ran Treatment/Disposal
Subsys Subsystem ABBREVIATED NAME("

. (Black) I Black Gray __.._ __./

Gravity ing Holding GRV L/B(IIT)/G(HLT)1 Collect. Tank Tank

2 Oil Chrysler Holding RECIRC/B(ThItLPtIITLT)'/G(IILT)
Recircul. + HldTnk Tank

3 (Chrysler Chryslhr Holding RIcI:/B(CIiIR+INo)orLT) I
+ Incin. Tank

4 Gravity Grum Flow Holding GRV COL/B(GRM+HLT)/G(HLT).)
"* Collect. _hru+HldTk Tank

(Grumman) Grumman Flow Thru GRV COL/iB+G(GRM+HLT)
S___ + Holding Tank _

6 Gravity Holding Grum Flow GRV GOI/B(HLT)/G(GRM+HLT)0Collect. Tank Thru+HldTnk

7Grum Flw Holding GRV GO./B(GRM+iNG)/G(HLT)
Thru+Incin., Tank __._ _

8rm Grumman Flow Thnu G COI,//B+G(GRM+INC)

+ Incinerator
Vacuum Holding Holding VAC COL/B(IILT)/C~tILT)
Collect. Tank(2) Tank _

0 Incinerator lding VAC GOL/B(ING)/G(HLT)
Tank . ....

GATX Holding VAC COi'(1;VAP)iu(u LT)
Evap. Tank .

12Holding Grum Fw VAC COL/B(ItLT)/G(GRM+HLT)
Tank(') Thru+ Hld Tn_

Grum Flow13 Incinerator hru Flcw VAC COL/G(GRM)/B+GS(INC)? ,€Thru + Incin.

14 M/T Holding Holding PMP GOL/B(HLT)/G(IHLT)
Pump Tank Tank

15 Collect. Incinerator Holding PMP COL/B(ING)/G(HILT)
(G.ATX) Tank ... . .

16 GATX Holding PMP COL/B3(EVAP)/C(HLT)
"Eva p. Tank

Holding Grum Flow PMP COL/B (tLT)/G(GRM+HLT)
17 Tank Thru +H id Tnk _______________________

Incinerator um Flow PMP COL/G(GRM)/B-+GS(1NG)
t Thru + Incin.

|,(1) Used to idenitify systemn ill Output of compurter prog'rain for quzintifying effe,-tiveine4s,
(2) Two subchoices available. for kvMS No. 9) as follows:

9a - Conceotated black watcr transferred ftonw VCT to holding tank.

9b - Concentrated black water field ill VCT.
(3) Two subchoiccs available for WM10 ; No,. 12 as folluws:

12; - Concentrated black watcr transferred from VCT to liodiing t;ir,

S121 - Co.ceurated blacV water held il VCT.

t ... . . ' _ v. _ .. . ... . .



It*

* - .

ca~ dc

I I

S I ' I
Ili a 1I til! I 101 1111

LUU

0~

7 5

MIx

-.

S 
F

Iu

79S.,

- 6 -- ~ E 6

* - vi



I

TABLE OF CONTENTS 4

Section Title Page

ACKNOWLEDGEMENTS .............................. .

PREFACE ....... ....................... ........ iv

SUMMARY OF WASTEWATER MANAGEMENT
SYSTEM CONCEPTS ............................... v. '

METRIC CONVERSION FACTORS ...................... vi

1 , INTRODUCTION ................................. 1....

A. Wastes To Be Managed ....................... I. 1

B. Wastewater Management System Considerations 2 J

C. Vessel Considerations ........................ 6

D. Waste Generation Rates Assumed ............... 7

E. Design Guidelines ............................ 8

-I. GUIDELINES AND CRITERIA FOR WMS INSTALLATION ... 10

A. WMS Acceptability Criteria .................... 10

B. Vessel Space Availability for WMS Installation 10

C. Vessel Drain Systems ........................ . . 11

ID. CHT Installation .. ............................. 13

E. Installation Assumptions, Standards and Practices, 15

III. WASTE MANAGEMENT SYSTEMS DEFINITIONS,
OPTIONS AND INSTALLATION CHARACTERISTICS ....... 16

S1. Full Volume Flush Gravity Collection/Holding
Tank for Black Water/Holding Tank for Gray Water. 16

2. Full Volume Flush Oil Recirculation and Gravity

Collection/Chrysler System with Sludge Holding
Tank for Sewage/Holding Tank for Gray Water ..... 19

3. Full Volume Flush Oil Recirculation and Gravity
Collection/Chrysler System with Incinerator
for Sewage/Holding Tank for Gray Water ......... 26

4. Full Volume Flush Gravity Collection/Gnrumman
Flow Through System with Sludge Holding Tank
for Black Water/Holding Tank for Gray Water .... 35

5. Full Volume Flush Gravity Collection/Grumman
Flow Through System with Sludge Holding Tank
for Combined Black and Gray Waters ............ 41

6. Full Volume Flush Gravity Collection/Holding

Tank for Black Water/Grumman Flow Through
System with Sludge Holding Tank for
Gray W ater .................................... 46

vii

L_._ _ 1 7. . . ... . .. ........ .. . ........ .....



TABLE OF CONTENTS (Cont'd)

Section Page

7. Full Volume Flush Gravity Collection/Grumman
Flow Through System with Sludge Incinerator
for Black Water/Holding Tank for Gray Water ....... 51

8. Full Volume Flush Gravity Collection/Grumman
Flow Through System with Sludge Incinerator
for Combined Black and Gray Waters ............. 58

9a. JERED Reduced Volume Flush Vacuum Collection/
Holding Tank for Concentrated Black Water/
Holding Tank for Gray Water .................... 63

9b. JERED Reduced Volume Flush Vacuum Collection/
Concentrated Black Water Held in VCT/Holdlng
Tank for Gray Water ........................... 64

10. JERED Reduced Volume Flush Vacuum Collection/
Incinerator for Concentrated Black Water/Holding
Tank for Gray Water ............ ............... 72

11. JERED Reduced Volume Flush Vacuum Collection/
GATX Evaporator for Concentrated Black Water/
Holding Tank for Gray Water .................... 82

!2a. JERED Reduced Volume Flush Vacuum Collection/
Holding Tank for Concentrated Black Water/
Grumman Flow Through Systemwith Sludge
Holding Tank for Gray Water .................... 992

12b. JERED Reduced Volume Flush Vacuum Collectlon/
Concentrated Black Water Held in VCT/Grumman
Flow Through System with Sludge Holding Tank
for Gray W ater ................................. 93

13. JERED Reduced Volume Flush Vaccum Collection/
Grumman Flow Through System for both
Concentrated Black Water and Gray Water Sludge . . • 101

14. GATX Reduced Volume Flush M/T Pump Collectlon,/
Holding Tank for Concentrated Black Water/
Holding Tank for Gray Water ..................... 111

15. GATX Reduced Volume Flush M/T Pump Collection/
Incinerator for Concentrated Black Water/Holding
Tank for Gray Water ............................. 115

viii



TABLE OF CONTENTS (Cont'd)

Section Page

16. GATX Reduced Volume Flush M/T Pump
Collection/GATX Evaporator for Concentrated
Black Water/Holding Tank for Gray Water .......... 122

17. GATX Reduced Volume Flush M/T Pump
Collection/Holding Tank for Concentrated
Black Water/Grumman Flow Through System
"with Sludge Holding Tank for Gray Water .......... 130

18. GATX Reduced Volume Flu.: M/T Pump
Collection/Grumman Flow Through System
for Gray Water/Incinerator for both Concentrated
Black Water and Gray Water Sludge ................ 137

ix

7I

ixj

I[ _ _ _ .. . . .. . . .. . . . . . . . . . .. . .. . . . . . .. . . .. ..



LIST OF ILLUSTRATIONS

Figure No. 
Page_

I WMS Concepts for Shipboard
Black and Gray Wastewaters .................... 5

2 Vessels Considered ............................. 6

3 Waste Generation Rates Assumed .................. 7

4 Summary of WMS Installation Requirements ......... 9

x

I
-.



LIST OF TABLES

Table No. Page

1. Maximum Holding Tank Volumes ................... 17

2. Component Options ............................. 21

3. Component Physical Characteristics ............. 22

4. Oil Transport Component Resource Requirements ...... 23

5. Oil Transport Component Pipe Connections .. ....... 23

6. Maximum Holding Tank Volumes ........... 24

7. Component Options ............................... 28

8. Component Physical Characteristics ................ 31

9. WMS Component Resource Requirements ........... 32

10. Standard Component Pipe Connection Sizes ........... 33

11, Maximum Gray Water Holding Tank Volumes ......... 34

12. System Operation and Volume of Tanks .............. 36

13. WMS Component Resource Requirements ............. 40

14. Component Pipe Si:e Connections .................. 40

15. Maximum Gray Water Holding Tank Volumes ......... 10

16. System Operation and Volume of Tanks .............. 42

17. WMS Component P, ervurce Requirements ............ 45

18. Component Pipe Size. Connections ................ 45

19. System Operation and Volume of Tanks ............. 47

20. WMS Component Rusource Requirements .............. 49

21. Component Pipe Size Coiriections ................... 49

22. Sewage Holding Tank ................ ........... co

23. System Operation and Irnfluent Tank Volume ........... 52

24. WMS Component Physical Characteristics ........... 55

25. WMS Component Resource Requirements ............. 55

26. Interconnecting Pipe Sizes ........................ 56
27. Maximum Gray Water Holding T-ink Volumes ......... 56
28. System Operation and Influent Tank Volume ......... 60

XLi€I



LIST OF TABLES (Cont'd)

Table No. Page

29. WMS Component Physical Characteristics ............ 61

30. WMS Component Resource Requirements ............ 61

31. Interconnecting Pipe Sizes ......................... 62

32. Maximum Volumes of Black Water Tanks ............. 67

33. Component Physical Characteristics ................ 68

34. WMS Component Resource Requirements .............. 69

35. Component Pipe Connection or Size .................. 69

36. Maximum Gray Water H4olding Tank Volumes .......... 70

37. VCT and Incinerator Selections and Burn Time ........ 76

38. Component Physical Characteristics ................ 77

39. WMS Component Resource Requirements ............. 78

40. Component Pipe Connection or Size ................. 79

41. Maximum Gray Water Holding Tank Volumes ......... 80

42. VCT ScIcctions .................................. 85

43. Evaporator Selections ............................. 86

44. Component Physical Characteristics ................ 88

45. WMS Component Resource Requirements ............ 89

46. Component Pipe Connection or Size ................. 90

47. Maximum Gray Water Holding Tank Volumes ......... 91

48. Maximum Volumes of Black Water Tanks ............ .96

49. System Operation and Volume of Tanks...... ......... 97

50. Component Physical Characteristics ................. 99

51. WMS Component Resource Requirements ............. 99

52. Component Pipe Connection or Size ................. 100

53. VCT Selections .................................. 104

54. System Operation and Gray Water Surge Tank
VolumO .. ................. ..................... 105

55. Component Physical CharactE~ristics ................ 107

56. WMS Component Resource Requirements ............. 108

I xii



LIST OF TABLES (Cont'd)

Table No. Page

57. Component Pipe Connection or Size ................ 109

58. Maximum Holding Tank Volumes .................. 113

59. Feed Tank Size and Incinerator Burn Time ............ 118

60, Component Physical Characteristics ............... ... 119

61. WMS Component Resource Requii'ements ...... ...... 119

62. Component Pipe Size Connections ................. 120

63. Maximum Gray Water Holding Tank Volumes .......... 120 I 4

64. Evaporator Selections ............................ 125 "

65. Component Physical Characteristics ................ 126

66. WMS Component Resource Requirements ............ 127

67. Component Pipe Connections ...................... 128

68. Maximum Gray Water Holding Tank Volumes ......... 128

69. Maximum holding Tank Volumes .................... 132

70. Plow Through System, (Oteration and Volume
of Tanks ........................ 133

71. WMS Component Physical Characteristic .. ......... 135

72. WMS Component Resource Requirem,•nts ........... 135

73. Interconnecting Pipe Sizes ... .................... 135

74. System Operation of Volumes of Surge Tanks ........ 139

75. WMS Component Physical Characteristics .......... 142

76, WMS Component Resource Requirements .......... 143

77. Interconnecting Pipe Sizes ........................ 144

yii
til

I:



I. INTRODUCTION

A. WASTES TO BE MANAGED

This study is concerned with the management of black and gray waste-

water on specified U.S. Coast Guard cutters while they are in restricted

waters.

Black water is defined as sanitary wastes emanating from corn-
modes, urinals and garbage grinders.*

Gray water is defined as;

Galley wastewater from sinks and kettles but excluding
garbage grinder output.

Turbid water from lavatories, showers and laundry.
Drainage from air conditioners, drinking fountains and interior
deck drains including deck drains in head spaces.

Restricted waters are defined as inland lakes, streams, rivers,
estuaries and coastal waters up to three miles from shore.

B. WASTEWATER MANAGEMENT SYSTEM CONSIDERATIONS

1 . Four proprietary Marine Sanitary Devices (MSD), namely:

* JERED vacuum collection/incineration

* GATX pumped transfer/evaporation

, Chrysler recirculating oil flush/incineration

* Grumman flow-through/incineration

and a fifth method, collection-holding-transfer system (CHT),

provide the bases for the 18 Waste Management System (WMS)

concepts. in this study, a WMS manages both black and gray

water. This is often achieved by supplementing an MSD that

previously handled black water only with gray water management.

The Jered, GATX and Chrysler MSDs, in combination with a hold-

ing tank for gray water forms three of the 18 WMS concepts. The

CRT concept was expanded to include tankage for gray water as
well as black water management and constitutes another WMS
concept. The Grumman MSD was originally designed to handle

* U.S. Coast Guard legal opinion considers garbage grinder output as
sewage.



black and gray waters and constitutes a fifth WMS concept. The

remaining 13 WMS concepts were synthesized by hybridizing the

subsystems of the above MSDs and the CHT concept.

2. The hybridized WMS concepts were synthesized by:

Substitution of the JERED reduced flush/vacuum collection

subsystem or the GATX reduced flush/pumped transfer col-

lection subsystem for a standard volume flush/gravity

drainage subsystem.

* Substituting an incinerator for an evaporator

and vice versa.

* Substitution of a holding tank for an incinerator or evaporator.

Changing the type of wastewater and the point. of entry in the

Grumman flow-through system.

Hybridization of subsystems was limited to combinations which

are either known to work or are considered to have a good chance

of working, i.e., no basic or major problems are anticipated.

Combinations whose operation is in doubt were not considered.

Management of black water is easier in the first two systems (Jered

& GATX) by use of reduced flush commodes producing smaller volumes

to be managed. The third system (Chrysler) reduces the volume still

further by separating and recirculating the flushing medium (oil). The

Grumman MSD prototype Is the only flow-through system, i.e.,

it discharges treated effluent overboard.

3. Each of the 18 WMS concepts was analyzed in the context of

meeting the requirements of each of the six vessels included in

this study. MSD component scaling and use of multiple units were

utilized in order to develop the 18 vVMS concepts into WMS configura-

tions which can accommodate the capacity requirements of each vessel.

Proprietary equipment, proprietary processes and designs are

used as Is. Variations in size or capacity are permitted where

2



equipment Is a catalog item, available off-the-shelf,

previously built and used, or

manufacturer has a design for which he will provide physical

characteristics, resource and interface requirements.

4. Design information pertaining to proprietary Waste Management

Systems is as accurate as obtainable or is the best estimate by

manufacturer or study team. Caution is advised in using the

data herein for design. Manufacturers should be consulted for

best recommendations in the use of their equipment.

5. As a general rule, redesign of equipment or processes is beyond

the scope of this study. However, certain exceptions are

allowed as detailed below.

* Equipment Modification

The Grumman MSD prototype, developed for the Coast

Guard, is modified by direction of the Coast Guard.

The components deleted and components added are

detailed in the text discussing the systen-is involved.

The structural frame of the MSD remains unaltered and

equipment of the original design remain fixed in their

"original location(s).

Proprietary tanks can be altered in the number, size.

and location of pipe connections.

* Flow Modification: The Grumman MSD prototype, originally

designed for mixed gray and black water (standard volume) is

allowed to operate with

mixed gray and black water (standard volume)

black water only (standard flush volumes)

gray water only

gray water into main inlet and reduced volume black

water going directly to the incinerator or sludge holding

tankI3
,-~0 ON "Mum -



Not having been tested, reduced volume black water is not

allowed through the flow-through syjtem because of

questionable performance capability.

Flow Equalization: Ordinary tanks which act as interfaces

between subsystems or at either end of a system can be

added, deleted or altared in size or shape. This does not

apply to vacuum collection tanks (JERED), oil/sewage

separating tanks (Chrysler) or evaporating tanks (GATX).

* Waste Distribution: Because of the effects of hybridizing

* the MSD subsystems:

interface pumps may be added, deleted, changed in

type (e.g., macerating), altered in capacity and/or

multiple pumps may be used (e.g., to multiple

evaporators) or

multiple diverting valves may be manifolded to transfer

pumps (e.g., to multiple evaporators) whether single

or dual Installation

Interface Controls: Because of the effects of hybridizing

MSD subsystems, additional electrical, pneumatic or

hydraulic control equipment may be required. For the

purposes of this study, it is assumed that interface controls

are available, do not have large weight and volume penafties

and will not be defined, Therefore, no attempt will be made

to estimate the costs of interface equipment or design efforts.

6. Figure 1 presents a matrix of the 18 synthesized WMS concepts as

a function of collection method and disposal method. Further

details of these 18 WMS concepts, in configurations potentially

suitable as candidates for each vessel considered in this study,

are presented in Section III.

4
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C. VESSEL CONSIDERATIONS

1. In order to realistically evaluate the 18 WMS, each WMS and its

size and capacity variations are applied to six USCG cutters

of differing dimensions and types, shown in Figure 2.

- 1 Longest
No. Name Class Type Length Manning Holding Time

Required (lirs)

1. Gallatin WHEC High Endurance Cutter 3q8' 152 97 5

2. Vigorous WMEC Medium Endurance Cutter 210' 60 172.0

3. Firebush WLB Buoy Tender 180' 50 ?77.9

4. Pamlico (under constr.) WLIC Buoy Tender 160' 13 501.0

5. White Sage WLM Buoy Tender 133' 21 65. 5

6. Point Herron WPB Patrol Boat 82' 8 99.0

• Based on data from USCGC'r Clamp and Shadbush with lea0o additional for anticipated longer holding

time requirements.
Figure 2

VESSELS CONSIDERED

2. The longest number of hours a vessel is expected to stay

continuously within restricted waters is taken from actual mission

profile data**. This value, shown in Figure 2, is the basis for

sizing holding tanks. For the purposes of this study, vessels

are always assumed to pump (or drain) all wastes overboard in

unrestricted waters. Previously collected and stored wastewaters

are also discharged overboard. All or portions of the WMS that

are not needed in unrestricted waters will be shut down. The same

portions will also be shut down while the vessel is tied up at

its own pier.
3 Design Information pertaining to vessels is as accurate as obtain-

able or is the best estimate by the study team. Caution is made

against using the data herein for design without verification.

•* See Mission Profiles document for this study for types and details of sorties.

6



D. WASTE GENERATION RATES ASSUMED

Waste generation rates were assumed in lieu of actual data from the

vessels under study or similar ones. The values in terms of gallons per

capita per day (gpcd) are indicated in Figure 3.

Type/Source g pcd Derivatio n/Reference

Commodes Standard 9 Ships Waste Management Study,
and Urinals fixtures NSRDC/A Rept 28-999, Nov. 1973

average of officers and crew at sea
(9.13 gpcd), weighted by numbers of
officers and crew

Chrysler 0.46 Bioastronautics Data Book
NASA SP-3006
Urine va-lue - 2nd edition
Fecal value - Ist edition

GATX 1.875 5 urinal flushes/day @ 1 pint/flush
and 2 commode flushes/day @ 3 pint/flush
JLERED plus human waste (Chrysler value)

Galley 8 USCG. Polab Program Phase II
presentation. Weighted waste gener-
ation rates for officers and crew from 4

NSRDC/A Report cited above yields
a value of 7.5 gpcd.

Turbid 22 Average of NSRDC/A Report and USCG
presentation values (19.5 and 25,

. respectively)

Garbage Grinder 1.5 USCG presentation value

Sludge generation 1/12 Grumman: 5 gal/hr sludge from
rate in Grumman WMS of ` 60 gal/hr input

Influent

Figure 3

WASTE GENERATION RATES ASSUMED
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E. DESIGNGUIDELINES

1. For simplicity, the flow diagrams do not show details of MSD's,

nor do they show pumps, check valves and most other valves.

The valves that are shown are for the purpose of clarifying

ambiguous functions.

2, Black water is never put into a gray water holding tank but gray

water is permitted in a black water tank at which time it is

considered black water, The latter situation is common for off-

loading.

3. In sizing of tanks for collecting and/or holding and/or transfer,

additional volume is included equal to 20% of the maximum liquid

volume to allow for sloshing and/or safety in filling. In vacuum

collection tanks, this volume also allows for air to separate from

the Influent liquid. All values given in this report for tank

volumes include the extra 20%.

4. Sewage holding tanks must be aerated at a rate of 16.3 SCFM per

1000 gallons of liquid. Gray water tanks are not aerated. Corn-

pressed air for aerat 4 .g a holding tank or atomizing sewage in an

incinerator is assumed available from ship's low pressure air

supply, if such a supply exists. If no compressor is available

on board the vessel, it is assumed that one will be installed as

part of the VWMS installation. The air supply requirements for

tank aeration Is based on the following considerations:

. The aeration rate

* The maximum tank capacity

The back pressure, which is a function of the liquid level
in the tank.

Design of the air supply is based on aeration requirements for a

full tank. It is noted that when the tank is not full, the back

pressure is reduced, resulting in a greater flow of air. This must

be considered in sizing the tank vent line.

5. A summary of installatioa requirements for the 18 WMS concepts

is given in Figure 4. 8
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II. GUIDELINES AND CRITERIA FOR WMS INSTALLATION

A. WMS ACCEPTABILITY CRITERIA

1. Acceptability of candidate WMS configurations for installation I
on board a vessel shall be based on the following considerations: ii

All specified sized and required number of duplicate WMS

equipment, except for holding tanks, must be accommodated, I
based on the established vessel space utilization guidelines. i

Ii* Inability to accommodate the required black and/or gray water

holding tank size, based on the vessel space availability

guidelines below, shall not be deemed sufficient reason for

rejecting a candidate WMS configuration. The maximum

black and/or gray water holding tank size which can be

accommodated shall be specified, using the guidelines for

black/gray water holding capacity apportionment (Para. DI)

and the minimum gray water holding tank requirements

(Para. D3).

2. Using multiples of equipment or subsystems to meet the capacity

requirements of each vessel in the study constitutes WMS con-

figuration options within the WMS concept and does not yield

a new WMS. Only one option will be chosen, based on installa-

tion factors, for subsequent analysis and evaluation.

B. VESSEL SPACE AVAILABILITY FOR WMS INSTALLATION

I. Vessel space utilization guidelines for WMAS installation shall be

as follows:

Fuel oil storage tank spa( all not be considered

Storeroom space may be considered

. Washrooms and storeroom spaces may be considered if
substitute iucaLioun for such can be designated

10



* Small components may be considered for relocation

Incinerators shall not be located on the weather deck (even

if an enclosure is provided).

* All WMS stacks should be located within the existing ship's

stack housing (Fiddley), if possible.

2. For ease of installing WMS, components may be separated, if

feasible. However, decentialization o equipment may require

additional piping runs and more elaborate hook-ups.

3. Each vessel considered in this study is assumed to have one or

two holding tanks with discharge pumps for off-loading overboard

or to pier connections on either side of the vessel. Vessel plans

on hand show holding tanks and the study assumes that installa-

tions will be complete by the end of the study. The fact that

one or more holding tanks exist on a vessel Is not taken to be

a constraint on:

Location of a new or replacement tank, or other WMS equip-

ment.

* Sizing of a new or replacement tank.

The type of waste an existing tank will receive.

4. Where shipboard configurations do not agree with ship compart-

nment aiid equipment layout drawings provided by USCG, the

shipboard configurations shall govern (for the Pt. Herron, a

holding tank is to be installed).

C. VESSEL DRAIN SYSTEMS

1. Piping configurations shall be assumed to agree with appropriate

piping drawings supplied by the Coast Guard and estimated pipingI costs shall be based upon such configurations.

-............



2. For those WMS configurations involving vacuum or pump transfer

waste collection (which require special drain piping), existing

drain piping will not be used but shall be left in place, if it

does not interfere with new installations.

3. Sewer networks for different types of wastes will remain indepen-

dent until reaching the centralized collection, disposal or treat-

ment device(s). They join In the device or in an adjacent: mani-

fold. The manifolds for black and gray water never join.

Collected gray water is always brought to a central point in a

single drainage system regardless of subsequent disposition. A

large vessel may have two drainage systems, one forward and

one aft, in which case, there are two cenCral points. Only the

gray water drainage system(s) is permitted to have an overboard

bypass line. A gravity flow bypass is physically possible only

where the central manifold is sufficintly high for zýped drain

lines to reach a port and/or starboard scupper. Note that when

the vessel is hooked up to a pier connectioi, gray water may not

be discharged overboard and provisions must be made for pumping

the gray water into the pier connection.

4. Pier sewers for off-loading wastewater are non-pressurized,

gravity drained and will accept no more than 30 gpm. Present

minimum size of pier connection and pipe riser is four inches.

Where small volumes of wastewater are to remain isolated and

yet to be off-loaded to the pier sewer, much smaller pipe risers

will be assumed acceptable. Precautions agaiiist pipe clogging

must be taken or be inherent in tho "VMS.

12



5. Garbage grinders may be found in either the galley, scullery or

in both of these locations. They will remain in current locations.

Where no grinder exists, it is assumed that one will be installed

in the galley. The drain line from the grinder remains separate

from other gravity flow sewer lines until it reaches a holding

tank or treatment equipment. With vacuum or pumped sewers,

exceptions may be made (see Section III for the particular

systems involved).

D. CHT INSTALLATION

1. The following considerations shall apply to black/gray water I
holding Zanks:

Where limited holding tank capacity exists, black water

storage capacity shall have priority. Remaining storage

capacity shall be used for gray (see minimum gray water

holding tank requirements).

* No more than three (3) holding tanks shall be located on

any one vessel,

Where no incinerators are provide 4, avoid using the VCT

(vacuum collection tank) as the holding tank (because it is

difficult to aerate). Where feasible, provide a tank to

accomplish the holding function. A VCT shall be used

:.* primarily for collection.

, No provision shall be made for black water diversion into

a gray water holding tank.

. No provision shall be made for diversion of black water over-

board upstream of the centralized collection, disposal or

treatment device (s).

2. Holding tank design specifications shall include:

. Aeration of tank - black water only (see discussion on vent

requirements in Section 1).



I
Sloped bottom, if possible.

Discharge pump suction at bottom of tank, if possible.

Tank structural support, if required, shall be provided on the

outside of the tank.

3. A minimum gray water handling capability must be provided for
each vessel. In a system where gray water is dumped as and

when received, and the manifold is below the waterline, an

overboard discharge pump is required with a feed tank holding

enough liquid for 20-25 minutes of pump operation. The pump

is nominally rated at 20% more than four times the daily average

flow of wastewater in order to accommodate peak flows. If the

manifold is above the waterline, neither pump nor feed tank is

required since overboard discharge can be achieved by gravity.

If the manifold is above the waterline, a feed tank and an over-

board dlschargc pump may still be required in order to t-aLsfeL" the

gray water to the pier connection. However, away from the pier,

a gravity bypass will allow overboard discharge without power.

The gray water feed tank and overboard discharge pump can be

eliminated where the central gray water manifold which is above

the waterline can drain by gravity into a vented black water

tank (not a vacuum collection tank). Such a collection subsystem

carn drain overboard by gravity while away from the pier and to

the black water tank for pumped transfer to the pier connection.

In this situation the discharge pump for the black water tank may

have to be resized to handle peak flows of black and gray water

combined. This situation is permitted only if the black water

tank can hold sufficient water for 20-25 minutes of pumping.

If this condition cannot be met then a minimum gray water feed

tank and discharge pump must be provided.

________ ~~14 - . - . - *



SE. INSTALLATION ASSUMPTIONS, STANDARDS AND PRACTICESI-I
I. Crew sizes shall be those stated in the USCG solication

(see Figure 2).

2. Where the WMS requirements for compressed air would overload

the vessel supply system, an allowance is to be made to replace

the vessel's compressor with a larger unit while retaining the

accumulator, if possible.

3. U.S. Public Health Standards (Handbook on Sanitation of Vessel

Construction - HEW Public Health Service Publication No. 393)

shall apply.

4. All USCG published rules and regulations shall be applicable.

5. Standard, acceptable, architectural practices shall be used in

cost estimating. Standard shipyard labor rates shall be used in

cost analysis, regardless of shipyard location.

is.. .



Ill. WASTE MANAGEMENT SYSTEMS DEFINITIONS, OPTIONS AND
INSTALLATION CHARACTERISTICS

1. Full Volume Flush Gravity Collection/Holding Tank for Black Water/
Holding Tank for Gray Water

Pier Connection

Overboard

Sewage Galley Turbid

Q ) Deck Drains
Garbage, A/C Conden-
Grinder sate, D. F.

- t'l -

Compressed
Air

Sewage ,Galley/Turbi
Holding Tank Holding Tank
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1 Urinals and commodes are the existing standard fixtures, supplied by

the existing flush water (sea water) supply system. Drain lines are

standard sized, sloped seweis.

2. For this system, two vented holding tanks are required: one for

sanitary wastes and ground garbage and one for galley and turbid (G/T)

wastes. The drainage system is to be designed so that sanitary wastes

cannot drain into the G/T holding tank. Drair lines for galley and turbid

wastes remain separate until reaching the holding tank.

3. The maximum volumes required for these tanks to hold all wastes generated

during the longest stay in restricted waters, according to recorded mission

profile data, is given in Table 1. The volumes include an additional 20%

of the maximum liquid volume as safety margin.

Table I

MAXIMUM HOLDING TANK VOLUMES

a .olgest Sanitary Galley and Turbid

Man- Required (s) gal Cu Compreed Discharge gal cu ft DischargeVeMl 1:1; qurd(rs e,!cf Air SCFM PLImp gpM i •-_ Pump gpin

Gallatln (378') 152 97.5 7.781 1,040 106 30 22,230 2.972 30

Vigorous (210') 60 172.0 5,418 724 74 30 15,480 2,069 30

Firebush (180') 50 277.9 7,295 I "75 99 30 20.843 2,1'786 30

White Sage(133", 21 65,5 722 97 9.8 10-30 2,063 276 30

Pamlico (160') 1. 501.0* 3.419 45'7 4C) 30 9.170 1.306 30
• ~(Under Constr.

Point tierron{82'. 8 99.0 416 501 .57 10-17 1 188 159 11
*Based on data from USCG's Clamp and Shadbush with 101 additional for anticipated longer holding timc requirements,

4. The sanitary holding tank is aerated t: prevent septic, odor generating

conditions. Compressed air can be supplied by the vessel's low pressure

system or by a separate compressor. The compressed air flow rates given

in Table 1 for the maximum volume tank are based on 16.3 SCFM per

1000 gal. of liquid. Pressure should nominally be 23 ft. water column

greater than the maximum depth of the holding tank. If tank size Is less

than maximum air flow rate is reduced proportionately.

1 17



5. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. Provision is made to bypass the G/T holding tank

during such times. The sanitary tank cannot be bypassed. If the G/T

drain manifold is above the water line, the bypass line would be installed

to drain directly overboard. This shows on the diagram as line (1). If

vessel configuration will not permit line I to drain by gravity, then line

(2), leading to the sanitary tank, is the next choice. This line will

permit discharge of G/T wastes along with sanitary wastes to over-

board in unrestricted waters and to the pier connection while tied

up.

6. In those cases where the G/T holding tank size does not match tne

sanitary holding tank size in hours, and lines 1 or 2 are not installed

since they cannot drain by gravity, then line 3 is chosen to conduct

pumped G/T wastes to overboard. This line would be used while the

vessel is in restricted waters (sanitary wastes must be held) and the G/T

holding tank is full. Ltne 4 is lnstalied to transfer the contents of the

G/T holding tank to the sanitary tank during pier side pump out.

7. Each holding tank will have a discharge pump plus a backup pump installed.

Since present pier connections accept a maximum of 30 gpm, all discharge

pumps are limited to this capacity. Minimum pump flow is 10 gpm, based

upon a linear velocity of 1.5 fps up a minimum sized pipe riser of 1-1/2

inches. Pumps for the sanitary tanks on the White Sage and Point Herron

could be as small as 10 gpm and still provide an evacuation time of one

hour or less, However, these pumps should have a capacity as great as

the G/T tank pumps (30 and 17 gpm, respectively). If the G/T tanks are

sized at less than the capacity goals given in Table 1, then both pump

flow rates can be reduced to provide a nominal one hour pump out. The

sanitary tank pumps should be capable of producitng a positive pressure

at the pier connection while pumping at the specified flow.

18
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2. Full Volume Flush Oil Recirculation and Gravity Collcction/ChryslerSystem with Sludge Holding Tank for Sewage/Holding Tank for Gray Water

Pier Connection

- Overboard

Recirculaqting I•

Sewage OGalley 
Turbid

Garbage A/C Conden-
Grinder sate, D. F.

Disinfectant
i Sepa ationFluid

Separation Pressur-i- .aTank enance ization

I -iCompressed Ai

SewageGle 
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Holding Tank Holding Tank
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1 * This recirculating flush system uses an immiscible oil for transport

of sanitary wastes. Urinals and commodes are standard flushometer

operated, gravity drain types that are flushed with a mineral oil.
Flush fluid is separated from the sanitary wastes and returned for

reuse by one or more of the Chrysler-built transport systems.

2. The Chrysler transport system separates sanitary wastes from the flush

fluid and directs the wastes to the sanitary holding tank. The recirculated oil

is pressurized for redistribution. An oil accumulator provides for periodic

flow surges. A bleed stream from the accumulator continuously flows

through purification units and returns to the reservoir in the separation

tank. In smaller systems, the pressurization pumps, accumulator

and purification (fluid maintenance) components are mounted on a single

pallet. In large systems (160 men), all three are individually mounted.

3. The transport system is available in three capacities for the range of

crew sizes on Coast Guard vessels:

* Model A - 20 men

* Model A/B - 50 men

. Model B - 160 men

Options for the larger models are multiples of smaller models as shown in

Table 2, All optional systems have design capacities equal orgreIter than

required except for the 50 man Option Ii. Since this selection is somewhat

underrated, it will require more frequent replacement of oil purification

expendables and will probably be subject to periods of slightly dirty flush fluid.

Disadvantages of multiple components/systems are increased acquisition cost,

complexity of the overall system, possibility of component failures,

operating and maintenance man-hours and need for increased repair

parts availability. Advantages to multiple installations are fewer

20



I
Table 2

COMPONENT OPTIONS

Crew Size 8 13 21 50 60 152

option I II II II

Separator Tank Model A 1 1 1 2 1 3

Model A/B 1 1 3

Model B 1

Pump & Fluid Maint. Model A 1 1 1 1 2 1 2 3

Pump Package Model B 1

Fluid Maint. Module Model B 1

Oil Accumulator 1

restrictions on component location, components can be closer to head spaces

resulting in smaller and shorter pipe runs, better weight distributon, lighter

foundation framing, redundancy of systems/components.

4. Physical characteristics of the transport system components are given in
Table 3. The oil accumulator, which is not supplied with the Chrysler Model B,

should have a total volume of 46.8 cu. ft. The volume, which is sized

proportionately to the large accumulator of Model A, can be provided in one

or more upright cylinders. The contained oil will weigh about 1500 lbs.

5. Resource requirements for the ol1 transport system are given in Table 4.

Pipe connection sizes are-. given in Table 5.

6. A sanitary holding tank receives the sewage (sludge) that settles out of the

transport oil in the separation tank. The sludge is pumped from the tank in

10 second bursts of 2 to 6 gallons, depending upon pipe resistance. The

holding tank also receives garbage grinder wastes. The ground garbage flows

through an unpressurized, gravity drain pipe. The maximum volumes

required for the tank to hold all of these wastes generated during the longest

stay in restricted waters, according to mission profile data, is given in

Table 6.
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Table 3

COMPONENT PHYSICAL CHARACTERISTICS

Oil Transport System Weight (Ibs) Volume Dimensions (inches)
Components Capacit Dry Filled (cu ft) Height Length Width

Chrysler Model A 20
men

Separation Tank* 635 1370 51.9 68 55 24
Pressurization

and Fluid

Maintenance Pkg. 435 540 59.6 67 48 32

Chrysler Model A/B 50
men

Separation Tank .1 1000 2400 79.1 68 67 30

Presslrizattcr n

and Fluid

Maintenance Pkg. 435 540 59.6 67 48 32

Chrysler Model B 160
men P

Separation Tank* 1060 3120 116.7 77 77 34
Fluid Maint. Pkg. 325 555 22.0 49 31 25
Pump Pkg. 245 250 10.6 18 34 30

Oil Accumulator(s) A 1500 46.8

NOTE: Control panel is decentralized on current production models. Individual
controls are located on separation tank and pump or pump and fluidmaintenance package

Separation tank normally has two vertical compartments which can be furnished
as two individual tanks. This may help placement in tight quarters.

AWeight of oil only. 

. --
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Table 4

OIL TRANSPORT COMPONENT RESOURCE REQUIREMENTS
H-P W~atts ]Volts, Pla I irt AbientM Remlark.s

Oil Transport System Component Ambiene

lip Wtts olts haseHert Air CRFRmak

Separation Tank (A, A/B, B)

Macerator Pump Motor: 1-1/2 230 1 60 10 sec on, 2 mil. off until level

0208 3 G0 sensor in tank is satisfied.

!L optional 230 3 CIO
460 3 60

Blower Motor (Separation Tank) 1/16 115 1 60 150 Continuous
Controls 2 50 ma

Pump & Fluid Maint. Sys. (A, A/B)

Fluid Pump (2) ! 15/230 1 60 One pump operates continuously -
208 3 60 manual sWitChOVer

Op ional 2~O 3 60
1-460 3 60
"I 1

Flush Fluid Pump Pkg. (B)

Fluid Pump (2) 2:30 1 (0 One puIMP operates continuously -fj208 3 ('C manual switchover
Optional 230 3 60

_ _ __ _4~60 3 1  _I

Table 5

OIL TRANSPORT COMPONENT PIPE CONNECTIONS

Separation Tank (for Models A, A/B, B)

Waste Inlet 4 in. NPT
Waste Outlet (Pump discharge) I in. NPT
Flush Fluid Outlet 1 1/2 in. NPT
Flush Fluid Return 1/2 in. NPT
Vent Blower Outlet 2 ir,.

Pump and Fluid Maintenance System (for Models A, A/B)

Flush Fluid Inlet 1 1/2 in. NPT

Flush Fluid Supply 1 1/2 in. NPT
Bypass Fluid Return 1/2 in. NPT

Flush Fluid Pump Package (for Model B)

Flush Fluid Inlet 1 1/2 in. NPT

Flush Fluid Supply 1 1/4 in. N1PT

Fluid Maintenance Module (for Model B)

,"'uid Inlet 3/4 in. NPT
Byass Fluid Return 1/2 in. NPT

23 ..
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Table 6

MAXIMUM HOLDING TANK VOLUMES

U)ng'tSanitary Galley and Turbid

VessMlan- Holding Time ColmCuessedF Discharge al jDischarge]
Required (H~rs) glc t A tSFM Pm gpm ____ ___ Pump gpm

Gallatin (378') 152 97. 5 1,452 194 20 20 22,230 2,972 30

Vigorous (210') 60 172. 0 1,011 135 14 14 15,480 2,069 30

Fircbush (180') 50 277.9 1,362 182 18 19 20, 843 2.786 30

White Sage.(133' 21 35 335 18 1.8 10 2,063 276 30 I

P rlico (160') 13 501.0* 638 8& 8.7 10 9,770 1,306 30
(Unde4 Constr.

78 10 1. 10 1,185 159 1 .0
99.0 1,_______ 1519 17__

* Based ou data from USC-'s Clamp And Sbadbush with 1VI/ additional 16r anticipatcd longer holding time requirements

The volumes include an additional 20% of the maximum liquid volume as

safety margin.

7. The sanitary holding tank is aerated to prevent septic, odor generating

conditions. Compressed air is supplied at the flow rates given in Table 6

for the maximum volume tank, based on 16.3 SCFM per 1000 gal of

liquid. Pressure should nominally be 23 ft. water column greater than the

the maximum depth of the holding tank. If tank size is less than maximum,

air flow rate is reduced proportionately.

8. A separate holding tank receives galley and turbid wastewater from drain

lines that remain divided until reaching the holding tank. The maximum

tank volumes required to hold all G/T water generated during the longest

stay in restricted waters, according to recorded mission profile data is

also given in Table 6. They include additional volume equal to 20% of

maximum liquid volume as safety margin.

9. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. If the G/T drain manifold is above the waterline,

provision can be made to bypass the holding tank. (The sanitary tank can-

not be bypassed.) In those cases where the G/T holding tank capacity

is less than that of the sanitary holding tank in terms of hours, the G/T

wastes can drain overboard in restricted waters when the tank is fuil.

If the vessel configuration will nmt allow gravity drainage overboard, G/T

2 24
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wastes drain to the holding tank from which it can be pumperl overboard.

10. When the vessel is tied up, sanitary and G/T wastes are pumped to a

pier connection. Since the sanitary holding tank is small relative to

Sthe G/T holding tank, each tank has its own riser to the pier .zonnection I

manifold. Valving permits isolation of lines and Independent discharge.

11. Each holding tank will have a discharge pump plus a backup pump installed. I
Since present pier coninections accept a maximurm of 30 gpm, all discharge

pumps are limited to this capacity, Minimum pump flow is 10 gpm, based

upon a linear velocity of 1.5 fps up a minimum sized pipe riser of 1-1/2

inch. Nominal pump out time for each tank should be one hour if the

resulting flow rate falls between these limits. The di-charge pumps I I
should be capable of producing a positive pressure at the pier connection

while pumping at the specified flow.

i i "!

° } !'1
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3. Full Volume Flush Oil Recirculation and Gravity Collection/Chrysler
System with Incinerator for Sewage/holding Tank for Gray Water

I D-j I Pier Connection

Overboard

Recirculatingr
Sewage Oil L Galley Turbid

Si-_Dsj nfectant

Fluid Deck Drains,
Separation iFld PressurM A/C Conden-Tar 1 iznt io

nz enazce ization sate, D. F.

K Recirculating Oi J

Sludge Surge --
or 0Garbage

Ejection Tank Grinder Gravity

Compressed Air

F Fuel Oil
As i

•m Tnc nerator Fuey ©Tan Galley/Turbd

+ + .... HoengTn
I¢ AI

,3.--- Blower
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S1 * This recirculating flush system uses an immiscible oil for transport

of sanitary wastes. Urinals and commodes are standard flushometer

operated, gravity drain types that are flushed with a mineral oil.

Flush fluid is separated from the. sanitary wastes and returned for

reuse by one or more of the Chrysler-built transport systems.

2. The Chrysler transport system separates sanitary wastes from the

flush fluid and directs the wastes to the incinerator. The recirculated

oil is pressurized for redistribution. An oil accumulitoi- provides for

periodic flow surges. A bleed stream from the accumulator continuously

flows through purification units and returns to the reservoir in the

separation tank. In smaller systems, the pressurization pumps,

accumulator and purification (fluid maintenance) components are

mounted on a single pallet. In large systems (160 men) - all three

are individually mounted,

3. The transport system is available in three capacities for the range of

crew sizes on Coast Guard vesseis:

• Model A - 20 men

Model A/B - 50 men

Model B - 160 men

Options for the larger models are multiples of smaller models as

shown in Table 7. All optional systems have design capacities equal

or greater than required except for the 50-man Option Il. Since this

sielection is somewhat underrated, it will require more frequent replace-

ment of oil purification expendables and probably be subject to periods

of slightly dirty flush fluid.

4. The sewage sludge and ground qarbage slurry collected on the White

Sage, Point Herron and the Famlico will be adequately burned in a

Model A incinerator. A Model C' incinerator is required for the

Vigorous and Firebush and two C Models for the (4allatin In order to

keep daily burn times under 19 hours. Sludge holding tanks are needed

27



on the three larger vessels to equalize the flow to the incinerators.

These tanks should be located close to and on the same deck as the

separation tanks.

5. When a vessel is at its pier in home port or is beyond restricted zones

for a length of time, the recirculating flush system will continue to

operate but without the incinerator. In order to pump overboard or to

the pier connection, a sludge ejection tank is required as feed tank for

the discharge pump. Ejection tanks are used on the three smaller vessels,

but the three larger vessels utilize sludge holding tanks which feed the

incinerator to serve the same purpose. The sizes of the sludge

ejection tanks, based upon once a day pump out plus 20% for safety H
margin, are 20, 30 and 50 gal for the Point Hlerron, Pamlico and White

Sage, respectively.

Table 7

COIMPONENT OPTIONS

Grew Size 8. 13 21 so 60 152

Model A/B 1 1 1 3

Model B 1I

Pump & Fluid Maint. Model A I I 1 1 2 1 2 3 3

Pump Package Model B 1

Fluid Maint. Module Model B I

Oil Accumulator 1

Incinerator Model A 1 1 1

Incinerator Model C 1 1 1 1 2 2

Sludge Holding Tank Model B 1 1 1 1 1

Sludge Holding Tank Model C 1 1

Sludge Ejection Tank 1 1 1 I

28



6. Disadvantages of multiple compononts/systems are increased acquisition

cost, complexity of the overall system, possibility of component failures,

operating and maintenance man-hours and need for increased repair parts

availability. Advantages to multiple installations are simpler restrictions

for locating components, components can be closer to head spaces result-

ing in smaller and shorter pipe runs, better weight distribution, lighter

foundation framing, redundancy of systems/components.

7. Physical characteristics of the transport system components are given

in Table 8. The oil accumulator, not supplied with the Chrysler

Model B, should have a total volume of 46.8 cu ft. This volume which

is sized proportionately to the large accumulator of Model A, can be

provided in one or more upright cylinders. The contained oil will weigh

about 1, 500 lbs. Resource requirements for Chrysler WMS components

are given in Table 9. Pipe connection sizes are given in Table 10 for

standard., production components.

8. A gray water holding tdnk receives galley and turbid wastOwater from

drain lines that remain separate until reaching the holding tank. The

maximum tank volumes required to hold all gray water generated during

the longest stay in restricted waters, according to recorded mission

profile data is given in Table 11 . They include additional volume equal

to 20% oa maximum liquid volume as safety margin.

9. While the vessel is in unrestricted waters, all liquid wastes may be
discharged overboard. If the G/T drain manifold is above the water-

line, provision can be made to bypass the holding tank. In those

cases where the G/T holding tank capacity is inadequate, the G/T

wastes can drain overboaid in restricted waters when the tank is full.

If the vessel configuration will not allow gravity drainage overboard,

G/T wastes drain to the holding tank from which it can be pumped

overboard.

29
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10. When the vessel is tied up, sanitary and G/T wastes are pumped to I
a pier connection. Since the sludge surge or ejection tank is small

relative to the G/T holding tank, each tank has its own riser to the i
pier connection manifold. Valving permits isolation of lines and

independent discharge.

11. Each holding tank will have a discharge pump plus a back up pump

installed. Since present pier connections accept a maximum of 30

gpm, all discharge pumps are limited to this capacity. Minimum i1
pump flow is 10 gpm, based upon a linear velocity of 1 .5 fps up a

minimum sized pipe riser of 1-1/2 inch. Nominal pump out time for

each tank should be one hour if the resulting flow rate falls between

these limits. The discharge pumps should be capable of producing

a positive pressure at the pier connection while pumping at the

specified flow.
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Table 8

COMPONENT PHYSICAL CHARACTERISTICS

Weight (lbs) Dimensiom (inches)Caact Volume_
ponxcnt- C apacit• Dry Filled (cu ft) Height Length Width

Chrysler Model A 20
men

Separation Tank* •35 1370 51.9 68 55 24

Pump and Fluid
Maintenance Pkg. 435 540 59.6 67 48 32

Incinerator 575 588 27.1 47 36.5 27.3

Chrysler Model A/B 50
men

Separation Tank -k 1000 2400 79,1 68 67 30

Pump and Fluid
Maintenance Pkg. 435 540 59.6 67 48 32

Incinerator 575 588 27.1 47 36.5 27.3

Chrysler Model B 160
men

Separation Tank* 1060 3120 116.7 77 77 34

Fluid Maint. Pkg. 325 555 22.0 49 31 25

Pump Pkg. 245 250 10.6 18 34 30

Sludge Holding Tank 610 1445 40.8 49 40 36

Incinerator 575 588 27.1 47 36.5 37.3

Chrysler Model C

Sludge Holding Tank 980 2650 75.6 80 43 38

Incinerator 1600 1626 79.2 41 63 53

NOTE: Control panel Is decentralized on current production models. Tndividual
controls are located on separation tank, pump or pump and fluid main-

tenance package, waste holding tank and incinerator.

* Separation tank normally has two vertical compartments which can be furnished

as two individual tanks. This may help placement in tight quarters.
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Table 10
STANDARD COMPONENT PIPE CONNECTION SIZES

Chrysler W.MS Components

Separation Tank (for Models A, A/B. B)

Waste Inlet: 4 in. NPT
Waste Outlet (Pump discharge) 1 in. NPT
Flush Fluid Outlet 1 1/2 in. NPT
Flush Fluid Return 1/2 i;,. NPT
Vent Blower Outlet 2 in.

Pump and Fluid Maintenance Systemrr (for Models A, A/B)

Flush Fluid Inlet 1 1/2 in. NPT
r Flush Fluid Supply 1 1/2 in. NPT
SBypass Fluid Return 1/2 in. NPTII
t Flush Fluid Pump Package (for Model B)

Flush Fluid Inlet 1 1/2 in. NPT
Flush Fluid Supply 1 1/4 In. NPT

Fluid Maintenance Module (for Model B)

Fluid Inlet 3/4 in. NPT
SBypass Fluid Return 1/2 in. NPT

Sludge Holding Tank (for Models B, C)

Waste Inlet 1 in. NPT
* Transfer Pump Outlet 1 in. NPT

Recirculation Pump Outlet 1 in. NPT
Vent Blower Outlet 2 in.

. Incinerator (for Models A, A/B, B)

6 Waste Inlet I In. NPT
Fuel Suction and Return 3/8 OD tubing
Stack 8 in. ID Metalbesto*

Incinerator (for Model C)

Waste Inlet 1 in. NPT
Fuel Suction and Return 1/2 in. NPT
Stack 12 in. ID Metalbestos*

Sludge Ejection Tank

Waste Inlet 1 in. NPT
Vent Blower Outlet 2 in.

s7tack mlay vary f•om connectior tme depending upon installation.
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Table 11 t
MAXIMUM GRAY WATER HOLDING TANK VOLUMES

VeslMan Longest Hold'i Discharge

Vessel ning Time Rpqvired gal Pump gpm

Gallatin (378') 152 97.5 22,230 2,972 30

Vigorous (210') 60 172.0 15,480 2,069 30

Firebush (180') 50 277.9 20,843 2,786 30

White Sage (133') 21 65.5 2,063 276 30

Pamlico (160') 13 50.1.0* 9,770 1,306L 30

(new construction)

Point Herron (82') 8 99.0 1, 188 159 17

* Based on data from USCGC's Clamp and Shadbush with 10% additional for

anticipated longer holding time requirements.
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k Pier Connection

t4. Full Volume Plush Gravity Collection/
Grumman Flow Through System with
Sludge Holding Tank for Black Water/ Overboard
Holding Tank for Gray Water

Sewage Galley Turbid

I

Garbage Deck Dratns
Grinder A/C Conden-

sate, D. F.

Gravity Bypass -1

Influent alley/Turbid
Surge Tank Holding Tank

Li
Tank

Compressed Sludge Reactor Tank
Foamim

At Sea S Sludge Ozone
"'"at Pier use H Iolding TankJ Generator
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1. In this system sanitary waste, which includes ground garbage, is

treated in a flow-through apparatus and gray water (galley and turbid)

is retained in a holding tank for subsequent off-loading. The flow-

through equipment is a modification of the Grumman WMS, developed

for the Coast Guard, tested on the CGC Red Beech, and described in

the Grumman Operation and Maintenance Instructions. The major

components deleted are: the influent screen, disk centrifuge and the

Grumman incinerator. The major components added are an influent

surge tank, surge tank pump, sludge holding tank 6nd a sludge trans-

fer pump.

2. The flow-through system is designed for a steady influent rate of one

gpm. Only one size (or capacity) system is currently available.

Table 12 presents the number of systems required for each vessel,

the hours of operatior of each system, the expected volume of sludge

per day arid the maximum tank volume to retain the sludge generated

during the longest stay in restricted waters, according to recorded

mission profile data. The tank volumes include an additional 20%

of the maximum liquid volume as safety margin.

Table 12

SYSTEM OPERATION AND VOLUMES OF TANKS

lafluant
Lnngest Total System sludge liol.rng Tank Surge Tank

Vessel Crew Holding Time Flow No. of Operation Sludge
Size Required (Ihs) gpd System hr/day (each) gpd Comp. Air

_______ ___ gal__ 'u. ft. SCFM gal cu. ft.

~ilAi 37.1t~ i7.5 1596 2 13.q _ Lsý3 793 ~7 ~ " iW

Vigorous (210) 60 172.0 630 1 10.5 53 452 60 6.1 313 42

Firebush (180') 30 277.9 526 1 8.8 44 608 81 8.3 261 35

Wbitc sage (133') 21 65. 5 220 1 3.7 18 •0 8.0 0.8 110 15

Panlco (160') 13 501. 0* 137 1 2.3 11 285 38 3.9 68 9
(under constr.)
Point Herror ( 8 99.0 &4 , 1.4 7 25 4.6 0.5 42 .5

b Basel on data from USCG's Clamp and Shadbuth with 10% additional for anticipated longer holding time requircments.
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3. Urinals and commodes are the existing standard fixtures, supplied

by the existing flush water (sea water) supply system. The sanitary

sewer also receives wastes from the garbag3 grinder. The galley

drain line and the sewer network for turbid wastes are separate from

each other (and the sanitary drain) until they reach thn gray water

holding tank., Drain lines are standard sized, sloped drainage lines. i
4. Sanitary wastes are collected in one (or more) black water surge

tank(s) for batch transfer to the treatment system. The total volumes

of the surge tank(s), including additioual volume equal to 20% of the

liquid as safety margin, are given in Tab~e 12. The volumes were

calculated a- half the daytime flow, figuring that 80% of the black

water is collected during the day. Wastes from the garbage grinder
are assumed as generated during the day.

5. The surge tank pump is a solids handling type which will transfer sewage

to the WMS 30-gallon feed tank. On the Gallatin, each of the flow-
through treatment systems will have its own surge tank pump, whether

one or two surge tanks are used. The pump(s) should be located with

the tank(s) but tank and pump need not be located near or on the same

level as the treatment system(s).

6. Located within the bounds w• the Grumman system framework are the
original 30-gallon feed tank, metering feed pump, basket centrifuge,

S[ centrate tank, centrate pump, ozone genera~tor, ozone reactor, effluer, t

tank and effluent pump. The sludge holding tank must be located near

the o..one reactor but need not be within the Grumman System frame-

work. It could Le located on a deck below, provided the foam and

centrifuge sludge can drain into it by gravity.

7. The sludge holding tank is aerated to prevent septic, odor generating

conditions. Compressed air is supplied by the vessel's low pressure

system. The compressed air flow rates given in Table 12 are based on

16.3 SCFM per 1000 gal of liquid. Pressu:e should nominally be

23-foot water column greater than the maximum depth of the holding tank.
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8. During the system operation, the effluent pump periodically dis-

charges a nominal 7 gpm at 20 psig from the 10-gallon effluent

tank. The effluent is piped to a riser leading to the overboard di-,-

charge manifold. Where multiple WMS's are involved, they discharge

to a common riser.

9. The physical characteristics of the modified Grumman main structure

are 85 in H by 63 in L, by 76 in W, occupying 236 cu ft and weighing

3,056 lbs when filled. Resource requirements for the system are

given in Table 13 and pipe connection sizes are given in Table 14.

10. A gray water holding tank receives galley and turbid (G/T) waste-

water from drain lines that remain separate until reaching the holding

tank. The maximum tank volumes required to hold all gray water

generated during the longest stay in restricted waters, according to

recorded mission profile data are given in Tdble 15. They include

additional volume equal to 20% of maximum liquid volume as safety

margin.

11. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. If the G/T dIrain manifold is above the water-

line, provision can be made to bypass the holding tank... (The

sanitary influent surge tank cannot be bypassed.) If the vessel con-

figuration will not allow gravity drainage overboard, G/T wastes

drain to the holding tank from which it can be pumped overboard.

In those cases where the G/T hold'.ng tank capacity is less than

that of the sludge holding tank in terms of hours, the G/T wastes

can drain or be pumped overboard In restricted waters when the

tank is full.
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"12.. The WMS is bypassed in unrestricted waters by pumping black water

overboard from the influent surge tank. To simplify riser pinping and

overboard pumping operations, collected sludge in the holding tank

is transferred to the influent surge tank for disposal. Transfer can be

effected by pumping if gravity flow is not possible. This method is

also used for pumping to pier conncý;tions while tied up.

13. When the vessel is tied up, sanitary and 0/I wastes are pumped to

a pier connection. Since the sludge surge tank is small relative to

the G/T holding tank, each tank 'has its own riser to the pier connec-

tion manifold. Valving permits isolation of lines and independent

discharge.

14. The influent surge tank and the gra.iy water holding tank will each

have a discharge pump pius z backup pump installed, Since present

pier connections accept a maximum cf 30 gpm, all discharge pumps

are limited to this capacity.. Minimum pump flow is 10 gpm, based

upon a linear velocity of 1. fps up to a mbitmum sized pipe riser of

1-1/2 inches. Nominal pump out time for each tank should be onehour if t'he resulting flow rate falls between these limnits. The dis--"

charge pumps should be capable of producing a positive pressure at

the pier connection while pumping at the specified flow.

S a
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Table 13

WMS COMPONENT RESOURCE REQUIREMENTS

- -rnit C~ompressed Fuelj Oil ý
cor.pon",nt HP Watts Volts Phase Hertz Amnp. , AirSCfM AuSCFM- gph Water

GAC System 120/208 3 60

Feed Pump 400 115 1 60

Basket Cenrifuse 2 208 3 60 j
Scoop Motor 115 120/208 1 60

Ozone Generator 2100 120 3 60 2

Effluent Pump 113 115 1 60

centrate Pump 1/8 115 1 60 1/4

Surge Tank Purmp 1-1/ 208 Z 60

Slud 6e "iansfer
Pump1-1/2 208 3 60

Controls (6AC) cst,200 120 1 60

'Esti mated

Table 14

COMPONENT PIPE SIZE CONNECTIONS

Influent Surge Tank Pump Inlet: 3 inch NPT 1:
Outlet: I- 1/4 inch NPT

Centrifuge Scoop Discharg;e I inch ID hose

Ozone Reactor Foam Overflow 2 inch NPT

Tcilde 15

"Xv1ji v-, GRAY WA'L, 'OLD)NG TANK VOLUMES

Mail Lonrjest Hold. Dischar•e

ose.Time Rqjd gal ICu ft Pm p

1 e um I

Gallatin (378') 152 97,5 22,230 2,972 30

Vigorous (210') 60 172.0 15,480 2,069 30

Firebush (180') 50 277.9 20,843 2,786 30

WhiteSage (133') 21 65.5 2,063 276 30
Parnl0co (60') 13 50u.0" 9, H'10 1,306 30

(new construction)
'Point rron (82') .. , 99.0 1, 188 159 17

* Baised on data from USCGC's Clamp and Shadbush with 10% additional for

"anticipated longer holding time requirements.
;:-' 40
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7,

5. Full Volume FlPsh Gravity Collection/ Pier Connection
Grumman Flow Through System with
Sludge Holding Tank for Combined
Black and Gray Waters

Overboard

Sewage Galley Turbid

Garbage Deck Drains
Grinder A/C Conden-

J sate, D. F.

Influent At ,ea oc pier use
Surge Tank

!2

Centrate
Feed Tank Centrifuge CeTank

Ozone EffluentSSludge Reactor Tank•

Ai Foa mn

At Sea or Sludge Ozone
Pier use Holding Ta~j Generator
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1. The system is a modification of the Grumman WMS, developed for the

Coast Guard, tested or, the CGC Red Beech, and described in the

Grumman Operation and Maintenance Instructions. The major com-

ponents deleted are: The Influent screen, disk centrifuge and the

Grumman incinerator. The major components added are: an influent

surge tank, surge tank pump, sludge holding tank and a sludge transfer

pump.

2. The flow through sys.tem is designed for a steacy influent rate of one

gpm. Only one size (or capcity) system is currently available.

Table 16 presents the number of systems ruquired for each vessel,

the hours of operation of each system, the expected volume of sludge

per doy ar~d the maximum tank volume to retain the sludge generated

during the lomigest stay In restricted waters, according to recorded

mission profile data. The tank volumes include an additional 20% of

thL2 maxtn-lum lJicsd vulume as safety m irgin.

Table 16

SYS•ILIM OPIEP'.AT1N AND VOLUME OF TANKS
,I Surge TaSnk

II ~ u Io.e ~ ytm Suludge uSeuodn Tn rgeTaunkVese 're" {,ldl• "l -1t|lw .• .O Opurationl Sug -.. Conmp, Air" -
l ,tA i wf, -d (fi rs, pd hr/day (ca :l) gal cu. ft, SCG M gal ri,. ft.

(;al lati (:173 ") 1 97. !,!, 3, • . ', . 2G, ' 01 334 34 3128 418

u ', Q• r ,72., o 20. 20 o 1742 233 24 1235 165

1irebtish 0 0') 50 277. ') 0-.., 2 16. le, 234,5 31.3 32 1029 138

,idt, Sage (I;-;1') -' C5. 5 851 1 14.2 71 121 31 3.2 432 58

flahjli. 0 (1,0') 13 50 t. 0* .527 1 t. 1,4 15 268 36

(U hadcr (.oIj5ir, )

",ifa llUrrir (;") • 93. 0, 1 5. 4 27 '1. 165 221

- hlaý d oi data from, [ 3( (C Clari) atad Shadbush w it], 10" audli ýo1 I for i( Irk p•it d longer tlidiri, time rcquifrements.
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S3. Urinals and commodes are the .existing standard fixtures, supplied

by the existing flush water (sea water) supply system. The galley

Z drain line and the sewer network for turbid wastes are separate and

distinct from each other (and the sanitary drain) until they reach the

influent surge tank. The drain line from the garbage grinder is separate

from other sewers until reaching the influent surge tank or adjacent

piping. Drain lines are standard sized, sloped drainage lines,

4. All wastes are collected in one (or more) influent surge tank(s) for

batch transfer to the treatment system. The total volume I

of the surge tank(s), including additional volume equal to 20% of the

liquid as safety margin, is given in Table 16. The volumes were

calculated as half the daytime flow assuming that 80% of the turbid

water and sewage, and all of the galley water and garbage slurry are

collected during the day.!C

'. The surge tank pump is a solids handling type which will transfer sewage

batch-wise to the WMS 30 gallon feed tank, Each flow through treat-

ment system will have its own surge tank pump, whether the number

of tanks is equal to or less than the number of systems. The pump(s)

should be located with the tank(s) but they need not be located near

or on the same level as the treatment systems.

6, LocatL. within the Lounds of the Grumman system framework are tho

origlital 30 gllon feed tank, metering feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozone reactor, effluent

tank and effluent pump. The sludge holding tank must be located near

the ozone reactor but need not be within the Grumman system frame..

work. It could be located on a deck below, provided the foan, and

centrifuge sludge can drain Into it by gravity.
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7. The sludge holding tank is aerated to prevent septic, odor generating

conditions. Compressed air is supplied by the vessel's low pressure

Ssystem. The compressed air flow rates given in Table 16 are based

on 16.3 SCFM per 1000 gal of liquid. Pressure should nominally be

23 ft water column greater than the maximum depth of the holding

tank.

8. During system operation, the effluent pump periodically discharges

a nominal 7 gpm at 20 psig from the 10-gallon effluent tank, The

Seffiuent is piped to a riser leading to the overboard discharge manifold.

Where multiple WMS's are involved, they discharge to a common riser.

9. The physical characteristics of the modified Grumman main structure

are 85 in H by 63 in L by 76 in W, occupying 236 cu ft and weigh-

ing 3056 lbs when filled. Resource requirements for the system are

given in Table 17 and pipe connection sizes are given in Table 18.

10. The WMS is bypasscd in unrestiicted wdters by pumping black water
t

overboard from the influent surge tank. To simplify riser piping and

overboard pumping operations, collected sludge in the holding tank is

transferred to the influent surge tank for disposal. Transfer can be

effected by pumping if gravity flow is not possible. This method is

also used for pumping to pier connections while tied up. In the casef of the Pamlico, off loading could be done from the sludge holding tank

(with transfcr from the Anfluent surge tank) because of the large dif-

ference in tank sizes.

11. The influent surge tank (or the sludge holding tank on the Pamlico)

has a discharge pump plus a backup pump installed. Since the pre-

sent pier connections accept a maximum of 30 gpm, discharge pumps

are limited to this capacity. Minimum pump flow is 10 gpm, based

upon a linear velocity of 1.5 fps up a minimum sized pipe riser of

1-1/2 inch. Nominal pump out time for each tank should be one hour

if the tesulting flow rate falls between these limits. The discharge

•,,pumps should be capable of producii.:., , poruitive pressure at the pier
connection while pumping at the specified flow.
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Table 17

WMS COMPONENT RESOURCE REQUIREMENTS
component HP Wts Hertz Am. Ambient Compressed Fuel Oil Cooling

CpeH att PhA5 H mp Air SCFMl Air SCFM gph Water gpm

GAC System 120/208 3 60

Feed Pump 400 115 1 60

Basket Centrifuge 2 208 3 60

Scoop Motor 115 120/208 1 60

Ozone Generator 2100 120/ 3 60 2 1

Effluent Pump 1/3 115 1 Go

Centrate Pump 1/8 115 1 60 1/4

Surge Tank Pump 1-1/2 208 3 60

Sludge Transfer Pump K-IA2 * 208 3 60

Controls (GAC) est. 200 120 1 60

* Estimated. -

Table 18

COMPONENT PIPE SIZE CONNECTIONS

Influent Surge Tank Pump Inlet: 3 inch NPT
Outlet: 1-1/4 inuh NPT

Centrifuge Scoop Discharge 1 inch ID hose

Ozone Reactor Foam Overflow 2 inch NPT
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6. Full Volume Flush Gravity Collection/Holding
Tank for Black Water/Grumman Flow Through II- L- er Connection

Gray Watere w SOverboard

Sewage Galiey Turbid

Deck Drains
Garbage A/C Conden-
Grinder sate, D. F.

Gravity Bypass I

At sea o Influent

Compressed Pier u sa Surge Tank

Air

tI" I
:, Centifuge •Centratean

i
S ludg e Ozone --- Effluent

P eactor Tank

APirueSlIudge. 1Ozone

At Per ~Holding Tan Generator
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r 1 In this system galley and turbid (G/T) waste is treated in a flow-

through apparatus and sanitary wastes (including ground garbage slurry)

is retained in a holding tank for subsequent off loading. The flow-

through equipment is a modification of the Grumman WMS, developed

for the Coast Guard, tested on the CGC Red Beech, and described in

the Grumman Operation and Maintenance Instructions. The major

components deleted are: the influent screen, disk centrifuge and the

Grumman incinerator. The major components added are: an influent I!
surge tank, surge tank pump, sludge holding tank and a sludge trans-
fer pump.

2. The flow through system is designed for a steady influent rate of one

gpm. Only one size (or capacity) system is currently available.

Table 19 presents the number of systems requ.red for each vessel, the

hours of operation of each system, the expected volume of sludge per
day and the maximum tank volume to retain the sludge generated during

the longest stay in restricted water, according to recorded mission

profile data. The tank volumes include an additional 20% of the

maximum liquid volume as safety margin.

3. Urinals and commodes are the existing standard fixtures, supplied by

the existing flush water (sea water) supply system. The sanitary

sewer receives wastes from head spaces and conducts them to the

sewage holding tank. Drain lines are standard sized, sloped

drainage lines.

Table 19

SYSTEM OPERATION AND VOLUME OF TANKSf ~ oget Total System Sludge Influent
vGw Holding Time Flow No. of Operation Sludge holding Tank Surge Tank
Size R2cLquired(Hi) gpd System hr/day (each) gpd gat cu ft gal cuft

__t.• __ - -A=,,, , '

Ga~larin (378 ) 152 97. 5 4660 4 19.0 3WJ0 1853 24Q 2335 312

Vigorous (210') 60 172.0 1800 2 15.0 150 1290 112 W22 123

bircbush (180') 50 277 9 1500 2 12.5 125 1737 232 776ý 103

WhitC Sage (133") 21 65. 1 'g0 1 10.5 53 172 23 323 43
I -ilicc? (160') 13 501.0 * 350 1. 5 32 a14 109 200 27

(tijdut conitr.)
Point lluifon (t2) 3 199, 0 240 1 4.0 20 99 13 123 16

* Based on data from USCCC's Clamp and Shadbuil. with 10,., additional for anticipated lonyer holding tim. rcquircments
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4. Galley and turbid (G/TV wastes are collected in one (or more) influent

surge tank(s) for batch transfer to the treatement system. The total

volume of the surge tank(s) , including additional volume equal to 20%

of the liquid as safety margin, are given in Table 19. The volumes

were calculated as half the daytime flow, figuring that 80% of the

turbid water and all of the galley water is collected during the day.

5. The surge tank pump is a solids handling type which will transfer

sewage batch-wise to the WMS 30-gallon feed tank. On vessels with

multiple WMS, each system will have its own surge tank pump whether

one or more surge tanks are used. The pumps should be located with

the tank(s) but tank and pump need not be located near or on the same

level as the treatment system(s).

6. Located within the bounds of the Grumman system framework are the

original 30-gallon feed tank, metering feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozone reactor, effluent

tank and effluent pump. The sludge holding tank must be located near

the ozone reactor but need not be within the Grumman System frame-

work. It could be located on a deck below, provided the foam and

centrifuge sludge can drain into it by gravity.

7. During the system operation, the effluent pump periodically discharges

a nominal 7 gpm at 20 psig from the 10-gallon effluent tank. The effluent

is piped to a riser leading to the overboard discharge manifold. Where

multiple WMS's are involved, they discharge to a common riser,

8. The physical characteristics of the modified Grumman main structure A

are 85 in H by 63 in L, by 76 in W, occupying 236 cu ft and weighing

3,056 lbs when filled. Resource requirements for the system are

given in Table 20 and pipe connection sizes are given in Table 2;.
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9. The sewage holding tank receives sanitary wastes and ground garbage

slurry. The maximum tank volumes required to hold all sewage generated

during the longest stay in restricted waters, according to recorded mission

1 profile data are given in Table 22. They include additional volume equal

to 20% of maximum liquid volume as safety margin. The holding tank is

i; aerated to prevent septic. odor generating conditions. Compressed air

is supplied by the vessel's low pressure system. The compressed air

flow rates given in Table 22 are based on 16.3 SCFM per 1000 gal of

liquid. Pressure should nominally be 23 ft water- column greater than the

maximum depth of tie holding tank.

Table 20

WMS COMPONENT RESOURCE REQUIREMENTS

Componci~nt tip Watt. Volt J iise lIrtz Amp. A berCmrse ulOl Conoot o he eAir SCFM Air SCFMI gph Water gpm

GAG System 120/208 3 60

Feed Purip 400 115 1 GO

Baskct Cenuifuge 2 208 3 60

Scoop Motor 115 120/208 1 60

Ozone Generatct 2100 120 3 60 2

Effluent Pump 1/3 115 1 60
Centrate, Pump 1/8 115 1 60 1/4I Surge Tank Pump 1-1/2 208 3 60

Sludge Transfer
Pump 1-1/2 INS 3 60

Controls (GAC) est.200 120 1 60

Ofstimatcd

Table 2_

COMPONENT PIPE SIZE CONNECTIONS

Influent Surge Tank Pump Inlet, 3 inch NPT

Outlet: 1-1/4 inch NPT

Centrifuge Scoop Discharge 1 inch ID hose

Ozone Reactor Foam Overflow 2 inch NPT
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10. A design option for the sewage holding tank and the sludge holding tank

is to have both functions accommodated in a combined holding tank.

Storage and off loading for both tanks are normally done at the same time.

The combined function tank is 24% larger than the sewage holding tank.

Compressed air flow would also be increased by 24%. If these functions

remain separate, the sludge holding tank will be provided with a gravity

drained or pumped connection to the sewage holding tank for use during

off loading.

11. While the vessel is in unrestricted waters, all liquid wastes may be dis-

charged overboard. In order to simplify riser piping and overboard pump-

ing operations, all wastes being collected or previously collected are

pumped from the sewage holding tank (or the optional combined holding

tank). The G/T influent surge tank is provided with a gravity drained or

pumped transfer line for use in off loading.

12. The sewage holding tank (or combined holding tank) will have a discharge

pump p!us a backup pump installed. Since present pier connections accept a

maximum of 30 gpm, all discharge pumps are limited to this capacity.

Minimum pump flow is 10 gpm, based upon a linear velocity of 1.5 fps

up a minimum sized pipe riser of 1-1/2 inches. Discharge pump flow

rates are given in Table 22. The discharge pumps should be capable of

producing i positive pressure at the pier connection while pumping at

the specified flow.

Table 22

SEWAGE HOL)DING TANK

Ifllg¢St ,ewage Scwage Ilolding Tank

Crew Holidng Time 1, Discharge lolding Tan.
Ve~sel Size Pcquircd (llrs) gpd gal Cu ft • _Cn"p. Air gal CU ft Ai

Gallatin (378) 152 97.5 15963 7781 1040 106 30 9r33 1288 131

Vigorous (210) 60 172.0 630 14M8 724 7'4 30 6708 897 91

Fircb,Lsh (2h0) 50 277.9 2,'r 729 J 975 99 30 9002 1207 12.

White Sage (133') 21 65.5 221 i7 10 10 894 120 2

(Under ,:n;.•r.)

Poirt lle.ron (82) 8 99.0 84 41 56 U 10 515 C.9 7

---- datI - I50 L II13asd o dat fr in SC.IC's Clamip And Shadhush withi 1(y,,, additional for anticipated longer hoioding rime reqijfrements.
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1. In this system sanitary waste, which includes ground garbage, is

treated in a flow through apparatus and gray water (galley and turbid)

is retained in a holding tank for subsequent off loading. The flow-

through equipment is a modification of the Grumman VVMS, developed

for the Coast Guard, tested on the CGC Red Beech, and described in

the Grumman Operation and Maintenance Instructions. The major

components deleted are: the influent screen, disk centrifuge and

the Grumman incineiator. The major components added are: an

influent surge tank, surge tank pump and a Thiokol incinerator sub-

system. The subsystem is comprised of: an incinerator, sludge feed

tank, sludge pump, high pressure blower, fuel oil day tank and pump.

2. The flow-through system is designed for a steady influent rate of one

gpm. Only one size (or capacity) system is currently available.

Table 23 presents the number of systems required for each vessel,

the houfs of operation of each system, the expected volume of sludge

and the hours of operation of each incinerator.

Table 23

SYSTEM OPERATION AND INFLUENT TANK VOLUME

Holding Total Systrim Incinerator Influent

rew Time flow No. of Operation Sludge Operation SUI Tank|
Size_ Rlquired gpd System br/day (each) gpd hr/xay (each) gal cu fK

Gallain (378) 152 97.5 1596 2 i3.3 133 11.1 793 106

Vigorous (210) 60 172.0 630 1 10.5 53 8.8 313 42

Firebush (180) 50 277.9 525 1 8.8 44 7.3 261 35

White Sage (133) 21 65.5 220 1 3.7 18 3.1 110 16

Pamlico (160) 13 501. 0* 137 1 2.3 11 1.9 68 9
(under constr,)

PU±Lot 17-hrron (81) 8 99- 1 1.4 7 1.2 42 5.5 1

B fased on data from USCGC's Clamp and Shadbush with 10% additional for anricipated longer holding time reqirements.
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3. Urinals and commodes are the exIsting standard fixtures, supplied

by the existing flush water (sea water) supply system. The sanitary

-sewer receives wastes from head spaces. The gatley drain line and

the sewer network for turbid wastes are separate from each othi (and

the sanitary drain) until they reach the gray water holding tank. Drain

lines are standacd sized, sloped drainage lines.

4. Sanitary wastes are collected in one (or more) black water surge

tank(s) for batch transfer "Lo the treatment system. The total volumes

of the surge tank(s), including additional volume equal to 20% of the

Slould as safe•:'margin, are viver in Toje 23. The volumes were

calculated as half the daytime flow, figuring that 80% of the black

water is collected during the day. Wastes from the gatbage grinder I
are assumed as generated during the day. -

5. The surge tank pump is a solids handling type which will transfer sewage

"to the WMS 30,-gallon feed tank. On the Gallatin, each of the flow-

through treatment systems wIll have its own surge tank pump, whE.wm.-r

one or two surge tanks are used. The pump(s) should be located with

the tank(sl but tank and pump need not be located near or on the same

level as the treatment system (s,.

6. Located within the bounds of the Grumman system framework are the

original 30 gallon feed tank, metering feed pump, basket centrifuge,

centrate tank, centratc pump, ozone, generator, ozone reactor, effluent

tank and effluent pump. New equipment, 'entirely within the framework,

are the sludge feed tank, sludge pump and Incinerator blower. The

Incinerator is mostly within the confines of the Grumman structure and

the shelf presently holding the disk centrifuge. The burner projects

beyond the shelf. The Incinerator control panel is mounted externally

to the framework. A preliminary Thiokol arrangement sketch shows

the location of the new incineratipn equipment modifying the Grumman

design.
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7. Beyond the confines of the flow-through system structure, several

system components are required but not necessarily adjacent to ot

in the same compartment as the WMS. These are the influent surge

tank and pump, previously mentioned and a fuel oil day tank with a

recirculating oil feed pump (1.6 gph).

8. The effluent pump periodically discharges a nominal 7 gpm at 20 psig

from the 10-gallon effluent tank. The effluent is piped to a riser

leading to the overboard discharge manifold. Where multiple systems

are involved, they discharge to one common riser.

9. A Thiokol flow diagram of ,j,'e incineration subsystem depicts the

relationship of the added components. This diagram is modified by

a revised sludge flow schematic, substituting continuous sludge

recirculatlon for bubble aeration in the sludge feed tank. A macerating

pump will replace the Thiokol sludge pump. The drawings give inter-

connecting line sizes. Thiokol drawing 7U4570C) gives the cross

section of an IR & D Incinerator with a bill of materials. it is

modified by the substitution of a high pressure Hauck burner as shown

on the Outline Drawing of the Sludge Incinerator. Drawing 7U47822

gives dimensions and details of the Sludge Tank Assembly.

10. Physical characteristics of the main structure and peripheral com-

ponents are given in Table 24. Resoirce requirements are given in

A

Table 25. Pipe sizes of interconnecting lines between separately

installed eom. .- ,nents are given in Table 26,

11. A gray water holding tank receives gallzy and turbid wastewater from

drain lines that remair. veparate until reaching the holding tank. The

m~aximum tank volumes required to hold all gray water generated

during the longest stay in restricted waters, according to recorded

mission profile data is gJvun in Table 27. Thely include additional

volume equal to 20% of maximum liquid volume as safety margti.
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Table 2 4

WMS COMPONENT PHYSICAL CRARACTERISTICS

Component Weight (Ibs) Volun]e Dimensions (inches)

Dry Filled (Cu ft) Height Length Width

Main Structure 4,380 236 85 63* 75l

Fuel Oil Day Tank A1S0 3.3

Fuel Oil Pump est. 50

SPlus 10 inches for control panel, 20 in W x 30 H

!"Plus projection of incinerator nozzle.

AWeight of Oil alone.

Table. 25

WMS COMPONENT RESOURCE REQ UIRMENT.,S___
-.. Ambient Comrnrssed, fl Oil Cooling

Component lip \Watts volts Phase Hertz AmpI Air SCU:M Air SCFM gph Water gpm n

GAC System ,- 120/208 3 60 A

Bai kv Cerntifuge 2 208 3 6 0

SCoop Motor 11,5 120/208 1 60

Ozone Generator 2400 120/ 3 602

Effluent Putop .1/3 115 1 60

Centrate Ptrn i 1/8 115 1 0) 1/4

DI0owqr 2 208 3 60

Opt. 460 3 60

Iricincratot Opt. 460 3 60 100 12 L2 -/2

.Fuel Oij Pump et.1/4 120 1 60
SIludoe Pumpl '1-/2I 08 3 60

I:I
Contiols (GAC) est. 200 120 1 60

Controls (Thlokol) est. 200 120 1 60 j ii
Ii
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Table 26

INT I'CONTM1CTIN PIPE SIZIS

From To Size (inchl. ,)

Influent Surge Tank Pump Feed Tank 2 NPT

Compressed Air Supply Incinerator 1/2 NPT
Effluent Pump Riser 3/4 to 1 NPi'

Fuel Oil Pump Incinerator 1/4 NPT

incinerator Atmosphcee 7-1/2 ID 14 OD
Insulated stack

*Stack may vary in size dcpending upon installation.

Table 27

,AXI T 7 Y WT-- Nf 110 , . I.HLD INCG 'K VOLUMES

] Maa ongest H~OWd~, Discharge
Vossel fing jThic Required gal cu ft-.1 g[...•r• Pump gpm

Gallatin ~ (?78') 152 97.5 22,230 2,972 30

Vigorous (210') 60 172.0 i5,460 2,069 30

Fircbush (0 10') 50 277.9 20, 843 2,786 30

White Sage (133') 21 65.5 2,063 276 30

IPci ljic (160') 13 501.01' 9,770 1,306 30
(new consMtLucLion)

I.Point Herron_ (82') . 99.0 1, 188 159_ 17

* Based cn dota fiom USCGC's Clamp and Shadbush with 10% additional for
anticlp.ted longer hordiicg time requirements.
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12. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. If the G/T drain manifold is above the water-

line, provision can be made to bypass the holding tank. (The

sanitary influent surge tank cannot be bypassed.) If the vessel

configuration will not allow gravity drainage overboard, G/T wastes

drain to the holding tank from which it can be pumped overboard.

13. The WMS is bypassed in unrestricted waters by pumping black water

overboard from the influent surge tank. When the vessel is tied up,

sanitary and G/T wastes are pumped to a pier conuection. Since the

-influent surge tank Is small relative to the G/T holding tank, each tank

has its own riser to the pier connection manifold. Valving permits

isolation of lines and independent discharge.

14. The influent surge tank and the gray water holding tank will each

have a discharge pump plus a backup pump installed. Since present

pier connections accept a maximum of 30 gpm, all discharge pumps

are limited to this capacity. Minimum pump flow is 10 9rpm, based

upon a linear velocity of 1 .5 fps up to a minimum sized pipe riser of

1-1/2 inches. Nominal pui p out t:-ie for each tank should be one

hour if the resulting flow rate falls ietween these limit3. The dis-

crargci pimps should Le capr bie of producing a positive pressure at

the pier corivectiort wh; e pu; pir'j at the specified fLow.

~1
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1 . In this system, all hotel type wastes are treated in a flow-through
U apparatus. The system is a modification of the Grumman WMS,

developed for the Coast Guard, tested on the CGC Red Beech, and

described in the Grumman Operation and Maintenance Instructions.

The major components deleted are: the Influent screen, disk centri-

fuge and the Grumman incinerator. The major components added are:

an influent surge tank, surge tank pump and a Thiokol incinerator

subsystem. The subsystem is comprised of: an incinerator, sludge

feed tank, sludge pump, high pressure blower, fuel oil day tank and

pump.

2. The flow through system is designed for a steady influent rate of one

gpm. Only one size (or capacity) system is currently available.

Table 28 presents the number of systems required for each vessel, the
hours of operation of each system, the expected volume of sludge and

the hours of operation of each incinerator.

3. Urinals and commodes are the existing standard fixtures, supplied by the

existing flush water (sea water) supply system. The galley drain line

and the sewer network for turbid wastes are separate and distinct from

each other (and the sanitary drain) until they reach the influent surge tank.

Drain lines are standard sized, sloped drainage lines.

4. All wastes are collected in one (or more) influent surge tank(s) for
batch transfer to the treatment system. The total volume of the surge

tank(s), including additional volume equal to 20% of the liquid as safety

margin, is given in Table 28. The volumes were calculated as half the

daytime flow figuring that 80% of the turbid water and sewage, and all

of the galley water and garbage slurry are collected during the day. I
5. The surge tank pump is a solids handling type which will transfer sewage

batch-wise to the WMS 30 gallon feed tank. Each flow through treat-

ment system will have its own surge tank pump, whether the number

of tanks is equal to or less than the number of systems. The pump(s)

should be located with the tank(s) but they need not be located near

or on the same level as the treatment systems.
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Table 28

SYSTEM OPERATION AND INFLUENT TANK VOLUME
wi LogeSt Total System Incinerator I fluent

Veslrow% Holding, Time Flow No. ofr Operation Sludgxa operation Stuge Tank
Vessel Size Required (His) gpd syste-m thi/day (each) gpd hr/day (each) gal, cu ft

_____- , _______ "-_____ I '______ "- -__- -----. ;_

GaUatin (378') 152 97.5 , 156 6- 20.5 513 17.1 3. 128 418

visorous ('210) 60 172.0 2,4430 2 20.3 203 16.9 1.235 U5

Firebush (1801) 50 277.9 .025 2 16.9 169 14.1 1,029 138

White Sage (133"') 21 65.5 851 1 14.2 71 11.9 432 58
Pamlic-o (xJb' 1 3 501.0 * 527 1 S. A 44 I 7.3 2681 3'€

(unde consr.) I :~* fz _____ 2 :Point flerron t•-"99. 0 124 LL Io. 4 27 ! 4. 5 1C5! 22

*Based on data from USCC's Clamp and Shadbumh with 10;, additional for anticipatcd longer holding rime requirements.

6. Located within the bounds of the Grumman system framework are the
original 30 gallon feed tank, metering feed pump, basket centrifuge,
centrate tank, centrate pump, ozone generator, ozone reactor, effluent

tank and effluent pump. New equipment, entirely within the framework,

are the sludge feed tank, sludgje pump and incinerator blower. The

incinerator is mostly within the confines of the Grumman structure

and the shelf presently bolding the disk centrifuge. The burner

projects beyond the shelf. The incinerator control pane] is mounted

externally to the framework. A preliminary Thiokol arrangement sketch

shows the location of the new incineration equipment modifying the

Grumman design.

7. Beyond the confines of the flow through system structure, several system

components are required but not necessarily adjacent to or In the same

compartment as the WMS. These are the Influent surge tank and pump,

previously mentioned and a fuel oil day tank with a recirculating oil

feed pump (1.6 gph).

8. The effluent pump periodically discharges a nominal 7 gpm at 20 psig

from the 10 gallon effluent tank. The effluent is piped to a riser leading

to the overboard discharge manifold. Where multiple systems are

Involved, they discharge to one common riser.

9. A Thiokol flow diagram of the incineration subsystem depicts the relation-

ship of the added components. This diagram is modified by a revised
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Table 2 9

WMS COMPONENT PHYSICAL CHARACTERISTICS

Component Weighl (bhs) Volume Diniensiow (inches)

_ Dry Filled (CU ft) Height Length Width

Main Structure 236 85 63 76t

Fuel Oil Day Tank 4150

Fuel Oil Pump est.50

* Plus 10 inches for control panel, 20 In W x 30

f Plus projection of Incinerator. nozzle.
A Weight of Oil alone.

Table 30
WMS COMPONTENT RESO URCE REQ UIREMENTS'

S .. . . Ambient C Pores$ed Fuel Oil coolingComponent lip Watts, Volts Phase Hertz Amp. Air SCf'M' Air SCFM gph Water gpm

GAC Systnem 120/208 3 60

blasIct Ccntrifugc 2 208 3 Go
S,"coop Motor 115 120 1 Go

IOzon GeCeritor 2100 -120/208 3 G 2

Eflucil.t PuIup 1/3 115 1 (00I

k_ CenorntC) Pump 1/8 11,5 1 60 •)/4
Blow er 2, 20W 3 Go

SOpt. 4 6,0

h11r i fl..-., at Iur Opt. 4•0 3 Go 100 12 •1-1/2
ctst oi 11Jp (5.1/4 t2-0 1 6

.NrhldiC. PkI,, p 1-1/2 208 3 CO

Cu"toii! ('t'hil") v, J 20C 60I I
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sludge flow schematic, substituting continuous sludge recirculation

for bubble aeration in the sludge feed tank. A macerating pump will

replace the Thiokol sludge pump. The drawings give interconnecting

line sizes. Thiokol drawing 7U45700 gives the cross section of an

IR & D Incinerator with a bill of materials. It is modified by the

substitution of a high pressure Hauck burner as shown on the Outline

Drawings of the Sludge Incinerator. Drawing 7U47822 gives dimen-

slons and details of the Sludge Tank Assembly.

10. Physical characteristics of the main structure and peripheral components

are given in Table 29. Resource requirements are given in Table 30.

Pipe sizes of interconnecting lines between separately installed com-

ponents are given in Table 31.

11. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. The WMS is bypassed by pumping wastes

overboard from the influent surge tank. When the vessel is tied up,

sanitary and galley/turbid waters are pumped from the surge tank to the

pier connection.

12. The Influent surge tank has a discharge pump plus a backup pump

installed. Since present pier connections accept a maximum of 30 gpm,

all discharge pumps are limited to this capacity. Minimum pump flow is

10 gpm, based upon a linear velocity of 1,5 fps up a minimum sized

pipe riser of 1-1/2 inches. Nominal pump out time should be one hour

if the resulting flow rate falls between these limits. The discharge

pumps should be capable of producing a positive pressure at the pier

connection while pumping at the specified flow.

Table 31

INTERCONNECTING PIPE SIZES

From To Size (inches)

Influent Surge Tank Pump Feed Tank 2 NPT

Effluent Pump Riser 3/4 to 1 NPT

Fuel Oil Pump Incinerator 1/4 NPT

Incinerator Atmosphere 7-1/2 ID x 14 OD
Insulated stack

*Stack may vary in size depending upon installation. 62



9a. JERED Reduced Volume Flush Vac-u-um Collection/liolding Tank forConcentrated Black Water/Holding Tank for Gray Water

Pier Connecti~on

Overboard

Sewage 
jIGalley Turbid

Garbge IDeck Drains,Garbnder A/C Conden-
if G r nd er s~ate, D . F .

1-7

Vacuum I
Col~c~on -~ Device ITank I 4,Gravitypy.2a~ss

Sewage At sea or Galley/Turb-id
Holdin TankHolding Tank

-Compressed Air

633



9b. JERED Reduced Volume Flush Vacuum Collection/Concentrated Black
"Water Held in VCT/Holding Tank for Gray Water

Pier Connection

Overboard

Sewage Galley Turbid

Deck Drains

Garbage A/C Conden-
SGrinder Isate, D. F.

SInterface Gai
Device '

,,- Gravity Bypass

- -

Vacuum
Collection Galley/Turbid

and Holding Holding Tank
Tank

642
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1. This system provides no waste treatment but retains all wastes in

holding tanks for subsequent off loading. It differs from System 1

in that reduced flush commodes and vacuum collection of sanitary

wastes are used. Two minor system variations are shown in the flow

k diagrams: (9a) the vacuum collection tank (VCT) feeds a separate,

vented holding tank and (9b) the VCT also serves as the black water
gU

holding tank.

2. Existing commcdes are replaced by special vacuum operated units that

occupy the sam- nominal volume. Existing urinals are retained. The

flush medium is changed from sea water to fresh water. Drain lines

from the commodes are replaced by vacuum tight 1-1/2 inch lines. The

flow in these lines can be horizontal, sloped upward at a few degrees

or even up a vertical rise of less than six feet.

3. Urinals drain by gravity to an interface valve which can service up to

five urinals. This valve, the urine discharge valve, is normally

installed in the head space. It momentarily connects the vacuum,

which is downstreamn of the valve, to the gravity filled line upstream

of the valve. It is self-powered, float operated. When the liquid

level rises sufficiently, the float opens an orifice to vacuum which

pulls the urine through. After the liquid level drops, the floak, resealsS~the orifice.

4. Garbage grinder slurry can drain by gravity to the holding tank or bp

picked up by the vacuum collection subsystem for subsequenr t;-ansferP

to the holding tank. The choice will be affected by the relative

locations of the garbage grinder and the sewage holding tank. An

interface device is required for getting the ground garbage into the

vacuum line. Options for the device are (1) an automatic gray water

A
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valve which is similar to the urine discharge valve, (2) vented tank,

(3) open drum. The latter two drain through a manual or remotely

operated valve. Assuming no more than 40% of the daily ground garbage

flow being generated at one mealtime, the tank or drum volume

(including 20% extra for safety margin) would be sized at 0.72 gal

per capita.

5, Two general styles of vacuum collection equipment have been produced

and are available from JERED Industries. The small boat style is

oriented towards private cabin cruisers, yachts and charter fishing

boats. The equipment tends to be lighter, smaller, and less durable.

Smaller components are usually not designed for maintenance; defective

parts are replaced rather than repaired. Where the operational require-

ments are not severe, the equipment can provide more than adequate

service. Tank sizes available are 30, 60, 120 and 200 gallons with

liquid capacities of 20, 50, 100 and 167 gallons, respectively. All

sizers are normally provided with one Gast 0822 vacuum pump (oil

lubricated, sliding vane). Manual valving permits the pump to pres-

sucizc the vacuum tank to blow out the contents. With a duplicate

vacuum pump in parallel, all systems are adequate for continual use
by a crewv of 16. By substituting Gast 1022 vacuum pumps, system

capacity can be increased to 21 men. Pump models are almost iden-

tical except for motor rating. Although the small boat systems are

noarially installed with flexible hose between components, the fittings

will permit rigic piping.

6 The other style of vacuum collection equipment has been used fo•

naval ships arnd similar heavy usage appLications. The equipment

tends to be heavier, stronger, more complex and designed for marite.,

nance accessibility, Only one size will be required for the three

6G6
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larger vessels in this study: the V85003, installed singly on the

USS Kraus and in duplicate on the USS Spruance. The 250-gallon

VCT, holding approximately 200 gallons, is furnished with water ring

seal vacuum pumps, capable of continuous service for 200 men.

Since System 9 does riot incinerate collected sewage (and garbage

slurry), the 5 HP Maz-O-Rator pump (270 lb5) is eliminated from the

VCT package. The incinerator feed pump is designated as a standby

for the effluent discharge pump.

7. Selections for black water collection plus holding tanks and otie

optional combined collection/holding tank for the Point Herron are

given in Table 32. The maximum storage volumes (total of VCT

and holding tank) are based on assimed flow rates and the longest

stay in restricted waters, according to mission profile data. They

provide additional volume equal to 20% of maximum liquid volume

as safety margin in the storaga tank or as vacuum reservoir in the

VCT. Option (b) for the Point Herron is reflected in diagram 9b.

The problems associated with pulling a vacuum in a storage tank

and emptying the contents are minimal in a small tank. They are

partially offset vy the problems of aerating a small venited tank.

_ _ _ _Table 32

MAXIMUM VOLUMES OF BLACK WATER TANKS

1VCT I olding Tank

Vessel Holding Time Maximum Discharge Cowpressc4
\UjM- Required (-rs) ie vacuum Volume I Pump Air
nng option gal 1N-rrps ga- CI ft im SCFM

Gallatin (38') 1 , _ 2a0 .,s 2300 .01.7 130 31

vigerous L.. t0. Go 172.0 a 250 w• 206 V4 21t - -t
Firebush (180', 50 277.9 22145. 30

j I ' '• I I
Sim.°,,o. L..L +, . .o. .,o ,-, ,,

2 250 IV k -25 273
White 5age (133)2 65.5 30 3022 200 2710 2.7

IParlico (160') 00*8 3

(tlnder Const0- . -0 -- 1 1 1 15

Pon ern 82') 8 99l77.0
WR.S - w•,er ring scal type, includcd in VCT amsemblyv,

* Based on data from USC ;C's Clamp ,mnd Shadbush with 107,, additional 'o1 a.;tkpared lorwtel noldi.ng time 'equirerrlenuES

bi7
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ML.
8.* In a vented holding tank used for sewiage, &a-ratioxi is reqaired to prevent

septic, odor generating conditions. Compressed oir is supplied 1)y the

vessel's low pressure. syvIeM. Thne flow rates, givon in Table 32 for the

maximum volume tank are based on 15.3 SCFM of air per 1000 gal of

liquid. Pressure should nomninally be 23 ft water column greater than

the maximum denth of the holding tank. 'if tank size in less than maximum.

-Ai~i'low rate is reduiced proportionatvely . Aeration is not required for a

vacium collection/storage tank -oince, generated odors are removed by

the vacuum pumps.I

9. Physical characteristics of the equipment are given in Table 33, -esour--e

requiremnents in Table 34 and piping sizing in Tabie 35.

'iable 1

COMPONENT PILYSICAL CNARACTERISTICS

W~eight (lb s) Volumse Dimenrions (inches)
Component '- - -lI---

Dry Filici- (Cutit) Height Length Width

Commode 30 31 3.1 f1iS.3 20-.3 161
Urine Di.)schg. Valve 7 8 v.Z 12.4 *. 5.6 dia

Vac. Collect. Tani

30 gal 57 223 4.4 - 38 16 did

*200 -al 512 1927 3.3.5 - 72 32 dia

Vacuum Pump

08Lý 43 1 .0 18 10 10

1022 42 - I . 19 10 i 0

250 gal 5000 690 6C 6

*Includes tank and auxiliary components except for vacuum .)umjp(s).

~nwn



Table 34

VvWMS COMPONENT RESOURCE REQUIREMENTS *

Component HP Watts Volts Phase Hertz Amp

S~~Vacuum Pump *

0822 1/2 120/240 1 60 I

1022 3/4 120/240 1 60

Vacuum Collect. Assy.

Vacuum Pump ** 3 440 3 60

Overboard Pump 3 440 3 60

Effluent Pump 1/2 440 3 60

Controls 250 120 1 60
est.

* For compressed air, see Table 32

•* Dual vacuum pumps frequently run at the same time.

Table 35 I
COMPONENT PIPE CONNECTION OR SIZE

Commode Outlet Pipe 1 1/2 In IPS
Water Supply 1/2 in ID Hose

Urinal Discharge Valvc Inlet and Outlet 1 1/2 in IPS

Vacuum Tanks
(30, 60, 120, 200 gil) Inlet an, *3utQet 2 in NPr

Vacuutt 2Q-rorj,)ticn

250 gal See JEf L9i Dwj. H201.18C001 (3 sheets)
SVacuum, Pump

0822 and 1022 Inlet and Outlet 3/8 in IPS
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10. A gray water holdinq tank reccives galley and turbid (G/T) wastewater

f-om gravity drain lines that remain separate until reaching the holding

tank. The maximum tank volumes required to hold All gray water

generated during the longest stay in restrictud waters, according to

recoided mission profile data, is given in Table 36. They include

additional voluae equal to 20% of maximum liquid volumc as safety
margin.

Talbo 3Q

MA\XIMUM GRAY WATER HOLDING TANK VCOLUMES

a i a-,ongest tloTId. Dischrge
vessel ni T!lime, Frquired[ gul cuitDshrg

nin lira) __ Pump gpMr

Gallatin (378') 152 975 ,230 2,972 30

Vigorous (210') 60 172.0 15,480 2,0-'9 24

Firebush (I 0') 50 277.9 20, 843 2, 786 30

White Sage (133') 21 C5.5 1,003 276 10

Pamlico io0 50i .,' i,3o 15

(new construction)
Point lien-on (82') 8 99.0 1, 184 15 9, Option a:10

IOption bLO 7

* Based on data from USCG's Clamp and Shadbush with 19% additional ior

anticipated longer holding time requirements.

11. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. If the G/T drair, mrnifolc is abeto the waterline,

a gravity bypass drain line will be installed to voxiduet wastewatef to

the overboard scuppers. If a gravity bypss is not feasible, gray water

will be pumped from the G/T holding tank to the sewage holding tank

and then pumped overboard. This latter arrangement is dl0, used for off

loading collected wastes to a pier connection, except for Option (b)

on the Point Herion. In that case (diagram 9b); the sewage vacuurn/

holding tank is blown by compressed air to either pier connection or

overboard. Because of the pressure cycles and the disparate sizes

the G/l holding tank has a separate riser to the pier connection and

overboard manifolds.
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12. For the situation where the G/T holding tank does not match the sewage

holding tank in tarr:is of retention time, and a gravity bypass is not feasible,

a separate riser is installed between the tank discharge line and the over-

board manifold. This permits dumping of gray water in restricted zones when

the tank is full.

13. Each holding tank will have a discharge pump plus a backup pump installed.

Since present pier connections accapt a maximum of 30 gpm, all discharge

pumps are limited to this capacity. Minimum pump flow is 10 gpm, based

on a linear velocity of I.,' fps up a minimum sized pipe riser of 1..l/2

inches, Nominal pump out time for each tank should be one hour if the

resulting flow rate falls between Lthese limits. However, because of the

relatively small volumes of the sewage holding tanks on the three smaller

vessels and the transfer sequence for off loading, the discharge pumping

rate for the qr~y water tanks should be reduced to that of the sewage dis-

charge pumping rate.
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1.0. JERED Reduced Volume Flush Vacuum Collection/Incinerator for
Concentrated Black Water/Holding Tank for Gray Water
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I. This system collects sanitary wastes and garbage slurry

from a garbage grinder via a vacuum sewerage system and In-

cinerates it. Black wdter volume is minimized by use of reduced

flush, var~uum operated commodes.

2. Existing commodes are replaced by the special units that occupy the

same nominal volume. Existing urinals are retained. The flush medium

is changed from sea water to fresh water. Drain lines from the corm-

modes are replaced by vacuum tight 1-1/2 inch lines. The flow in these

lines can be horizontal. sloped upward at a few degrees or even up a

vertical rise of less than six feet.

" 3. Urinals drain by gravity to an interface valve which can service up to

five urinals. This valve,Athe urine discharge valve, is normally

installed in the head space. It romentarily connects the vacuum,

which is downstream of the valve, to the gravity filled line upstream

of the valve. It is self-powered, float operated. When the liquid

level rises sufficiently, the float opens an orifice to vacuum which

pulls the urine through. After the liquid level drops, the float reseals

the orifice.

4. An interface device is required for getting the ground garbage into the

the vacuum line. Options for the dovice are (1) a gray water valve

which is similar to the urine discharge valve, (2) vented tank, (3) open

drum. The latter two drain through a manual or remotely operated

valve, Assuming no more than 40% of the daily ground garbage flow
being generated at one mealtime, the tank or drum volume (including

20% extra for safety margin) would be sized at 0. 72 gal per capita.

5. Two general styles of vacuum collection equipment have been produced

and are available from TERED Industries. The small boat style is

oriented towards private cabin cruisers, yachts and charter fishing

boats. The equipment tends to be lighter, smaller, and less

LA
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durable. Smaller components are usually not designed for mainte-

nance; defective parts are replaced rather than repaired. Where the

operational requirements are not severe, the equipment can provide

more than adequate service. Tank sizes available are 30, 60, 120

and 200 gallons with liquid capacities of 20, 50, 100 and 167 gallons,

.respectively. All sizes are normally provided with one Gast 0822

vacuum pump (oil lubricated, sliding vane). Manual valving permits 1

the pump to pressurize the vacuum tank to blow out the contents.

With a duplicate vacuum pump in parallel, all systems are adequate
With~for continual use by a crew of 16. By substituting Gast 1022 vacuum ]

pumps, system capacity can be increased to 21 men. Pump models

are almost identical except for motor rating. Although the small boat

systems are normally installed with flexible hose between components,

the fittings will permit rigid piping.

6. The other style of vacuum collection equipment has been used for

naval ships and similar heavy usage applications. The equipment

tends to be heavier, stronger, more complex and designed for mainte-

nance accessibility. Only one size will be required for the three

larger vessels in this study: the V85003, installed singly on the

USS Kraus and in duplicate on the USS Spruance. The 250-gallon

VCT, holding approximately 200 gallons is furnished with water ringI

seal vacuum pumps capable of continuous service for 200 men.

7. Only one size of JERED incinerator is currently available. It is rated

to burn 30 gph of slurry with a maximum of 4% solids. The percentage

of solids in the feed is expected to range from 2-1/2 to 3%.

A combustion air blower Is provided in the skid-mounted incinerator

assembly. Only one size of Thiokol Incinerator suboystem is currently

available, rated to burn 6 gph of sewage sludge. This subsystem was

originally designed for use with another WMS installed on the CGC

Red Beech. It is comprised of the Incineratur, sludge tank, high
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pressure blower (for combustion air) recirculating sludge pump, oil

day tank and pump, and electrical control box.

8. A Thiokol flow diagram of the incineration subsystem depicts the relation-..
ship of the components. This diagram is modified by a revised sludge

flow schematic, substituting continuous sludge recirculation for bubble

flow aeration in the sludge feed tank. The drawings give interconnecti gI

line sizes. Thiokol drawing 7U45700 gives the cross section of an

IR & D Incinerator with a bill of materials. It is modified by the sub-

stitution of a high pressure Hauck burner as shown on the Outline

Drawing of the Sludge Incinerator. Drawing 7U47822 gives dimensions

and details of the Sludge Tank Assembly. The peripheral equipment

should be located in the general vicinity but not necessarily adjoining 3
the incinerator.

9. The selections of vacuum collection tank and make of incinerator ,

are presented in Table 37 along with incinerator burn time and fuel

oil day tank volumes. The three larger vessels receive the heavy duty

Jered VCT and the Tered incinerator. The three smaller vessels receive

the Jered small boat VCT and the Thiokol incinerator. To the small I
boat VCT is added a recirculating macerator pump (the heavy duty

VCT already has one). The maceraltizg pump reduces particulate size

to prevent incinerator nozzle clogging. It could optionally transfer

sewage to the sludge tank instead of having the vacuum pump pressurize

the VCT for blowing out the contents. The VCT's for the Pamlico and

Point Herron were sized to permit incinerator operation every other

day in order to avoid firing up infrequently for short periods of time.

This is thermally more efficient and helps prolong the life of the

incinerator.
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Table 37

VCT AND INCINERATOR SELECTIONS AND BURN TIME

x~~et Blac k VCT Incineration Fuel Onl Day
Veassel Man- lHolding Time Water Flow vacuum Burn Time Tank Volume

•___snig Required (His) gpd gial Pumps (hou1/day) (cu ft)

Gallatin '(378') 152 97. 5 513 250 WMS 17.1 j 20.6

Vigorous (210') 60 172.0 203 250 WRS 6.8 J 8.2

Firebu•A (180') 60 277.9 169 250 WRS 5.6 J 6.7

White Sage (133') 21 65.0 '11 120 1022 11. 8 T 3.0

Pamlico (160.) 23 501.0*. 44 120 0822 7.3* T 3.8
(Under Constr.)

Point Heraon (82') 8 99.0 27 J 0 0822 4.5*T 2.3

WRS = Water Ring Seal Type. included in VCT afstembly.
J lered incinerator

T Thiokol incinerator
• Every second day

** Based on data from USCCC's Clamp aztd Shadbush with 17o additional lot anticipated longer holdingtimc tequiremenm•

10. Physical characteristics of system components are given in Table 38 and

vessel resource requirements In Table 39. Pipe connections or pipe sizes

are given in Table 40.

II. A gray water hoding tank receives galley and turbid wastewater from
drain lines that remain separate until reaching the holding tank. The

maximum tank volumes required to hold all gray water generated during

the longest stay in restricted waters, according to mission

profile data, is given in Table 41. They include additional volume

equal to 20% of maximum liquid volume as safety margin.
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S! Table 38

COMPONENT PHYSICAL CHARACTERISTICS

Copneght (Ibs) Volume Dimensions (inches)
Component eg t _ _ _ _

Dry Filled cu ft H-eight Length Width

Commode 30 31 3.1 16.3 20.3 16 dia

SUrineDischg. Valve 7 8 0.2 12.4 - 5.6 dia

I Vac. Collect. Tank*
60 gal 175 591 8.7 - 48 20 dia

120 gal 350 1183 18.1 69 24 dia
L Vacuum Pump

0822 43 -1.0 18 10 10

1022 47 - 1.1 19 10 10S~**

Recirc. Macer.. Pump 125 127 1.0 10 25 7

Incin. Feed Pump ** 144 147 2.5 16 30 9

I Vac. Coil. Tank Assy.

250 gal 5000 6900 165 66 72 60

Incinerator (Jered) 2000 - 102 63 77 36

Incinerator (Thiokol) 800 - 23.8 40 49 21

Blower 260 - 11.0 24 36 22

Sludge Tank 50 220 6.5 31 30 12

Control Box 125 - 3.5 30 20 10

Fuel Oil Day Tank

Gallatin A960 20.6 1
Vigorous h•38282

Firebush A315 6.7

White Sage 4,140 3.0

Pamlico /4177 3.8

Point Herron 4107 2.3

* Includes tank and auxiliary components except for vacuum pump(s)

** Included in 250 gal VCT Assembly.

S=Wjight of oil.
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Table 39

WMS COMPONENT RESOURCE REQUIREMENTS

Componet .. W s V s PAmbient Compresstd Fuel 011)

Component HP Watts Volts Pthasc Elertz Amp. Air SCFM Air SCFM gph _

Vacuum Pump

0822 1/2 120/240 1 60

1022 3/4 120/240 i 60

Vacuum Collection Assy.

Vacuum Pump 3 440 3 60

overboard Pump J 440 3 60

Effluent Pump 1/2 440 3 60

Controls 260 cst. 1o0 1 60

Recirc. Macerator Pump 1 1/2 440 3 60

Incinerator (JERED) 10 max 15

110 1 60 1.0

Blower 5 440 3 60 2700

Oil Pump 1/3 440 3 60 7. 5 est.

Contiols 250 est. 110 1 60

Incinerator (Thiokol) I 208 3 60
Opt 460 3 60

Blower 2 208 3 60 100 32 1.6
Opt 460 3 60C

Fuel Oil Pump est 1/4 120 1 60

Siudge Pump 1/4 12') i 60

Controls et. 200 120 1 60

* Dual vacuum pumps frequently run at the same time.
** C ombustion blower withdraws 720 SCFM. Compartment ventilation required is

2700 SCFM (per incinerator).

7i
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Table 40

COMPONENT PIPE CONNECTION OR SIZE

Commode Outlet Pipe: 1 1/2-inch IPS
Water Supply: 1/2-inch ID.Hose

SUrinal Discharge Valve Inlet and Outlet: 1 1/2-inch IPS!
Vacuum Tanks

30 gal Inlet and Outlet: 2-inch NPT
Vacuum Connection

250 gal See JERED Dwg. H20118C001 (3 sheets)

Vacuum Pump

0822 and 1022 Inlet and Outlet: 3/8-inch IPS

RCc,-..'c. Macerator Pump Inlet: 3-inch NPT
Outlet: 1 1/4-inch NPT

. , icinc-.tor Feed Pump Vertical: 1 1/2-inch NPT
Horiz I 1/4-inch NPT
(Flow in either direction)

., nct n-r~ldcr (iFRED)

S3udge Connection 1/2-inch NPT

Compressed Air 1/4-inch NPT

Stack 8-inch 150-lb steel flange*

Incinerator (Thiokol)

Blower Connection 2 -1/2 inch NPT

Sludge Connection 1/2 inch NPT

Compressed Air 1/2 inch NPT

Stack 7-1/2 inch ID x 1401 insulated stack*

Sludge Tank Inlet I inch flange

Outlet 1 inch flange

Blower 2-1/2 inch NPT

* Stack may vary in size depending upon installation
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S~Table 41

MAXIMUM GRAY WATER HOLDING TANK VOLUMES

S-" iMan Longest Hold Discharge
___. Vessel 'ning Time •qrireq gal cu ft ;ump gpm
Gallatin (378') 152 97.5 22,230 2,972 30

SVigorous (2W 01) 60 172.0 15,480 2,069 30

Firebush t (180') 50 277.9 20,843 2,786 30

Whiteage (033') 21 65.5 2,063 276 3C

SPamll.o (160') 13 501.0* 9,770 1,306 30 ,

It(new constru;tion)
Poinlt Herren (82') 8 99.0 1' 188 159 17

* Based on da'a from USCGC's Clamp and Shaabush with 10% additional for
anticipated longer hleding time requirements. ' ,

12. While the vessel is in unrestricted waters, all liquid wastes are

discharged overboard. If the G/T drain manifold is above the water-

line, provision -an be made to bypass the holding tank. (The VCT

cannot be bypassed.) If the vessel ce-figuratin will not allow

gravity drainage overboard, G/T wastes drain to the holdir, tank

from which it is be pumped overboard.

13. The incinerator is bypassed in unrestricted waters by pumping black'

water overboard from the VCT. When the vessel is tied up, both

black and gray wastes are pumped to a pier copnectign. Since theI.. VCT is small relative to the G/r holding tank, and the VCf cannot

readily accept large volumes of gray water for off loading, each tank

has its own riser to the pier connection manifold. Valvin(' ptrrp.its

isolation of lines and Independent discharge.
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I 14. £ho gray water holding tank has a discharge pump plus a backup
' -pump, installend Since the present pier connections accept a maximum

of 30 gpm, dischage pumps are limite.1 to this ca-pl~ty. Minimum

- pump Ijow t,, IC gpm, based art a linear velocity of 1.5 fps up a

minimum sized pipe riser of 1-1/2 inch. 'Nominal pump out time for

- ' ""the tank should be one hour if the resulting flow rae .alls between

, . these 1mit. The discharge pumps should be cýpable of producing

a positive pressure at the pier connection while pumping at the

I ~speclfiee. flow.

15, The 250 gal VCT has a 7 gpm overbo.,..rd discharge pump plus thei
t .backup provision,of being able to blow the contents out with com-

pressed air. The 60 ard 120 gal VCT's use air pressurization as the

primary evacuation mode and a branch off the recIrculating macerator

pump line as a b.c•.up.

, I -
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1i. JERED Reduced Volume Flush Vacuum Collection/GATX Evaporator
for Concentrated Black Water/Holding Tank for Gray Water
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1. This system collects sanitary wastes and garbijc slurry from

a garbage grinder via a vacuum sewerage system and evaporates

it to a sludge for subsequent off loading. Black water volume is

minimized by use of reduced flush, vacuum operated commodes.

2. Existing commodes are replaced by the special units that occupy the

same nominal volume. Existing urinals are retained. The flush

medium is changed from sea water to fresh water. Drain lines from

the commodes are replaced by vacuum tight 1-1/2 inch lines. The flow

in these lines can be horizontal, sloped upward at a few degrees or

even up a vertical rise of less than six feet.

3. Urinals drain by gravity to an interface valve which can service up to

five urinals. This valve, the urine discharge valve, is normally

installed in the head space. It momentarily connects the vacuum,

which is downstream of the valve, to the gravity filled line upstream

of the valve. It is self-powered, float operated. When the liquid

level rises sufficiently, the float opens dn oiifice to vacuum which

pulls the urine through. After the liquid level drops, the float reseals

the orifice.

4. An interface device is required for getting the ground garbage Into the

vacuum line. Options for the device are (1) a gray water valve whivhn

is similar to the urine discharge valve, (2) vented tank, (3) open

drum. The latter tv o drain through a manual or remotely operated

valve. Assuming no more than 40% of the daily ground garbage flow

being generated at one mealtime, the tank or drum volume (including

20% extra for safety margin) would be sized at 0.72 gal pe: capita.
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5. Two general styles of vacuum collection equipment have been produced

and are available from JERED Industries. The small boat style is

oriented towards private cabin cruisers, yachts and charter fishing

boats. The equipment tends to be lighter, smaller, and less durable.

Smaller components are usually not designed for maintenance; defective

parts are replaced rather than repaired. Where the operational require-

ments are not severe, the equipment can provide more than adequate

service. Tank sizes available are 30, 60, 120 and 200 gallons with

liquid capacities of 20, 50, 100 and 167 gallons, respectively. All

sizes are normally provided with one Gast 0822 vacuum pump (oil

lubricated, sliding vane). With a duplicate vacuum pump in parallel,

all systems are adequate for continual use by a crew of 16. By

substituting Gast 1022 vacuum pumps, system capacity can be in-

creased to 21 men. Pump models are almost identical except for

motor rating. Manual valving will permit the vacuum pump to pres-

surize the tank and blow out the contents. However, evacuation of

boiled-down sludge from the evaporator would be enhanced if the

incoming solids were previously chopped. T! -efore, evacuation of

the small boat tanks will be performed by a nldceratirg/transfer pump.

Although the small boat systems are normally installed with flexible

hose between components, the fittings will permit rigid piping.

6. The other style of vacuum collection equipment has been used for

naval ships and similar heavy usage applications. The equipment

tends to be heavier, stronger, more complex and designed for mainte-

nance accessibility. Only one size will be required for the three

larger vessels in this study: the V85003, installed singly on the

USS Kraus and in duplicate on the USS Spruance. The 250-gallon

VCT, holding approximately 200 gallons Is furnished with water ring

seal vacuum pumps, capable of continuous service for 200 men.

Since System 11 utilizes evaporators instead of an Incinerator, the
collcc~te d sewage need not be finely ground nor be pumped out at a
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controlled rate. Therefore, the 5 HP recirculating grinder pump and

the incinerator feed pump are both replaced by a 1 1/2 HP macerating

transfer pump. This results in a savings of almost 300 lbs and 4 HP

"hook-up load.

7. Vacuum collection equipment selected for the study vessels are given

in Table 42. The 250-gal VCT assembly is as modified above.

Table 42

VCT SELECTIONS

Longest Water VCT

Vessel Manning Holding Time Blate Fo Sie Vcu:Required (Hrs) WtrFo ie"Vcu
(gpd) (gal) Pumps

Gallatin (378') 152 97.5 513 250 WRS

Vigorous (2 10') 60 172.0 203 250 WRK

Firebush (180') 50 277.9 169 250 WkS

White Sage (133') 21 65.5 71 30 i022

Pamlico (160') 13 501.0* 44 30 0822

(Under Constr.)

Point Herron (82') 8 99.0 27 30 0822

WRS = Water Ring Seal type, included in VCT assembly.
*Based on data from USCGC's Clamp and Shadbush with 10% additional for anticipated

longer holding time requirements.

8. The GATX evaporator is available in several sizes: 20, 40, 60 and

80-gallon capacity with working capacities of 16.25, 32.5, 48,75

and 65 gallons, respectively. Two ratings are important for an

evaporator. One is the boiled-down sludge capacity in terms of

m-An-days before the evaporator has to be emptied. With fresh water

as the flushing medium, the four evaporator sizes will hold sludge

vclumes equivalent to 267, 534, 801 and 1068 man-days, respectively.

9. The other important value is the boil off rate. The evaporator must

be capable of boiling off the water as fast as it comes in, except

for the incremental residual sludge. Based upcn the data for the
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present design 80-gallon evaporator, the boil off rates for the four

sizes, in terms of people accommodated, are: 6, 12.5, 19 and 25 men.

However, by increasing the wattage of the electrical heaters, the I
accommodation equivalents can be increased. Based on empirical .

data for the 80-gallon evaporator, the four evaporators will accommo-

date 17.5, 35, 52.5 and 70 men. j
10. The number and size of evaporators required for the six vessels are shown

in Table 43. As seen in the table, the boil off rate is the determining

factor, for selection. The greater volume will cermit extended periods

between evaporator pump outs. A nominal over-capaclty allows for

possible degradation in boil off rate as the residual sludge level approaches

maximum. Where the overcapacity may be excessive (White Sage and Point

Herron), a decrease in wattage from the maximum rate will bring it into
a reasonablm range_

Table 43

EVAPORATOR SELECTIONS

Longest Selection (By Basis) Pump
Veml Man- H1olding Time PR4idual Volume Boil Off At High Rate Out Longest

nin' Required(HiI) E -vr-Frequency Mission
No. Gal Days No. G'a E lent Capacity (days) (days)

Gallatin (378') 152 9q.5 2 80 7.0 6 go 210 38 21 4.1

Vieorou_ .. 1 , 0' 0 a 16 172.01F-0 20 7.2

Firebush (180') 50 277. 9 1 80 10.7 2 so 70 40 A 11M6

White Sage (,W') 21 65.6 1 20 6.4 1 80 35 67 25 2.7
Pamlico (160') 13 501. 0* 1 40 20.6 1 40 17, 5 35 20 20.9
(Undez Const.) t

PolnP-'on (82') 99.0 1 20 16.7 1 1 40 17.6 119' 33 4.1

* Based on data fron USCGC's Clamp and Shadbush widt 1IA additional for anticipated longer time requirements. -t

For reference, the longest stay in restricted waters according to

mission profile data is shown. The minimum evaporator volumes

needed to meet mission requirements are determined as follows. 8
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$Sludge accumulates at the rate of 0.061 gpcd when using fresh water

for flushing according to the GATX manual. Residual sludge from the

garbage grinder slurry is assumed to be approximately equal to the

sanitary sludge. Since sludge will accumulate twice as rapidly, the

man-days of storage (from paragraph 9) are halved. Boil-off rate

equivalents (from paragraph 10) are halved because the per capita flow

= rate is approximately doubled when garbage slurry is added.

11. Special consideration must be given to multiple evaporator installa-

tions. Transferring collected sanitary wastes and garbage slurry from

the VCT to multiple evaporators can be done with one putap dedicated

to each evaporator or with a single pump (plus standby) and sequencing

valves and controls. In the latter case, when the VCT switch calls

for evacuation, the pump fills an evaporator until the evaporator level

switch caube- valve _51 •,ri•.n and th.,e next evaporator in sequence

starts to fill. A catalytic oxidizer is required for the v:,por leaving

an evaporator. An oxidizer with its associated 'ieat-r, thermometers,

compressed air supply and vent line, can service "'ach evaporator or

one large oxidizer set up can service all of the'i.

12. Physical characteristics of system components are given in Table 44.

Vessel resource requirements are given in Table 45 and pipe connections

or sizes are given in Table 46.

03. A gray water holding tank receives galley and turbid wastewater from

drain lines that remain separate until reaching the holding tank. The

maximum tank volumes required to hold all gray water generated during

the longest stay in restricted waters, according to recorded mission

profile data, is given in Table 47. They include additional volume

equal to 20% of maximum liquid volume as safety margin.
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Table 44

COMPONENT PHYSICAL CHARACTERISTICS

Component Weight (ibs) Volume Dimensions (inches)
Dry Filled cu ft Height Length Width

Commode 30 31 3.1 16.3 20.3 16
Urine Dtschg. Valve 7 8 0.2 12.4 5.6 dia
Vac. Collect. Tank t

30 gal 57 223 4.4 - 38 16 d ia

Vacuum Pump

0822 43 . 1.0 18 10 10
1022 47 1. 1 19 10 10

M/T Pump 125 127 1.0 10 25 7

Vac. Coll. Tank Assy.
250 gal 4710 6610 165 66 72 60

Eva porator

20 gal 300* 433* 13.2 43 26 dla
40 gal 470* 743* 20 43 - 32 dia
60 gal 620* 1025* 27.1 46 - 36 dia
80 gal 750 1375* 32.8 50 - 38 dia

Sludge Pump 35 35 0.3 7 dia 15 i
Catalytic Oxidizer 90 - 0.3 18 - 6 dia
(Uninsulated)
Controls 75 3.1 121 12 ]21

Includes tank and auxiliary components except for vacuum and M/T pumps.
* Estimated. Dry tank weight taken as 2/3 power of ratio to 80-gal tank.

Water weight proportionately based on 65 gals i± 30-gal tank plus 10 gals
in steam Jacket.
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Table 45
WMS COMPONENT RESOURCE REQUIREMENTS

SComport HP Watts Volts Plisse Hertz Amp. Compressed Fluw-s5h
t.... Wa_ ts V l _ H A p Air SCFM Water

Vacuum Pump *

0822 1/2 11201240 1 G0
1022 314 120/240 1 60 C

Vacuum Collect. Tank Ashy.

Vacuum Pump' 3 440 3 60

Controls 250 120 1 60
est.

M/T Pump 11/2 440 3 60

Evaporator (Std) 30 p61g

20 gal 1.373 440 3 60

40 gal 2,745 440 3 60

60 gal 4.118 440 3 60

80 gal 5,490 440 3 60

Evaporator (H gh Rate) 30 psig

:u gai 3.843 410 3 60

40 gal 7,686 440 3 60

60 gal 11.529 440 3 60

80 gal 15,372 440 3 60

Sludge Pump 1 1/2 440 3 60

Vapor Treatment System

20 gal std. evap. 325 440 1 60 2.5

hi rate evap. 910 440 1 60 '7.0

40 gal std. evap. 650 440 1 60 5.0

hi rate evap. 1.820 440 1 60 14.0

60 gal std. evap. 975 440 1 60 7.5

Srate evap. 2,730 440 1 60. 21,0

80 gal std. cvap. 1.300 440 1 60 10.0

hi rate. evap. 3,.640 440 2 60 28.0

Evaporator Controls 200 440 1 60

" Dual vacuum pur.p$ frequently run at the same time,
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Table 46

COMPONENT PIPE CONNECTION OR SIZE II
Commode Outlet Pipe: I 1/2-inch IPS I

Water Supply: 1/2-inch ID Hose

Urinal Discharge Valve Inlet & Outlet: 1 1/2-inch IPS

Vacuum Tanks

30 gal Inlet & Outlet: 2-inch NPT
Vacuum Connection

250 gal See JERED Dwg. H20 118C001 (3 sheets)

Vacuum Pump

0822 and 1022 Inlet & Outlet: 3/8-inch IPS

Macerator/Transfer Pump Inlet: 3-inch NPT
Outlet: 1 1/4-inch NPT

Evaporator !

Wdste iniet (and sludge suction) 1 1/4-inch NPT

Vapor Outlet 1 1/2-inch NPT

Sludge Pump (in and out) 1 1/4-inch NPT

Vapor Treatment System (80-gal evap.)

Vapor (in and out) 1 1/4-inch NPT

Compressed Air 1/4-inch NPT

14, While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. The evaporators will be bypassed by pumping

overboard collected black water f om the VCT. Sludge in the evaporators

can also be pumped overboard. If the G/T drain manifo]d is above the

waterline, a gravity bypass drain line will be installed to conduct

wastewater to the overboard scuppers. If a gravity bypass is not

feasible, gray water will be pumped overboard from the G/T holding

tank.
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Table, 47

MAXIMUM GIVAY WVATER tHOLDING TANK VOLUMES

Mann Longest Hold'l Dischargevessel Time Raqiredl gal cu ftnin (I Hrs Pnpgn
S(378') 152 97.5 22,230 2.972 30

Vigorous (210'} 60 172.0 15,480 2,069 30

Firebush (180') 50 277.9 20,843 2, 786 30

White Sage (133') 21 65,5 2,063 276 30

Pamlico (160') 13 501.0* 9,770 1,306 30
(new construction)
Point Herron (82') 8 99.0 1, 188 159 17

Based on data from USCGC's Clamp and Shadbush with 10% additional for

"anticipated longer holding time requirements.

15. Because it is impractical to have the large quantities of gray water

pulled into the VCT for off loading, the VCT and the gray water holding

tank each have a riser to the overboard manifold. Separate risers

will also permit overboard discharge of gray water in restricted zones

where the G/'T holding tank does not have as much holding time as

the evraroratorso.

16. The VCT, evaporator(s) and G/T holding tank all are connected by

valves and piping to the pier connection manifold. Pumps foi the

250 gallon VCT and the evaporators are included in the WMS specifica-
tions. The 30 gallon VCT is emptied by air pressurization to either

an evaporator or the pier connection. A backup mode of evacuation

is discharge from the recirculation line of the macerator pump.

The G/T holding tank has a discharge pump plus a backup pump

Installed. Since present pier connections accept a maximum of

30 gpm, the discharge pumps are limited to this capacity. Minimum

pump flow is 10 gpm, based upon a linear velocity of 1.5 fps up a

minimum sized pipe riser of 1-1/2 inches. Nominal pump out time

for the G/T holding tank should be one hour if the resulting flow rate

falls between these limits.
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12a. JERED Reduced Volume Flush Vacuum Colleclion/
1'Holding 'rank for Concent,:ated Bl]ck Water/ I- -ier Connection
Grumman Flow Through System with Sludge
htoiding Tank for Oray Water

Overboard

Sewage Galley Turbid

Deck Drains
Garbage nd--- Grider ]VC Conden-
Grinder sate, D. F.

Gravity
_,,,Bypass

F~
Interface IAt S'ed Influent

SDevice jor Pier Surge TankI; !--• ier

---u 3_

Vacuum
Collection

Tank Feed Tank

S ewagje Cnr
Holding ITan~k. FCertrifuge TCentrt

Compressed Airludge Oz one Efluent

Reactor Tank

At Pier Use Sludge Ozone
Holding Tank G-aeraEor

92

O __WN
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1. This system provides flowy through treatment of gray wastewater with

holding of sanitary wastes, ground garbage slurry and gray water sludge.

The system is a modification of the Grumman 'WVMS, developed for the

Coast Guard, tested on the CGC Red Beech, and described in the

SGrumman Operation and Maintenance Instructions. In addition to

internal changes in the Grumman treatment system, the method of col-

lecting sanitary wastes is different. The major components deleted are:

-the influent screen, disk centrifuge and the Grumman incinerator. The

major components added are: an influent surge tank, surge tank pump,

sludge holding tank and a sludge transfer pump.

2. Collection of sanitary wastes is accomplished by means of vacuum

collection subsystem. Black water volume is minimized by use of

reduced flush, vacuum operated commodes. They replace the existing

commodes and occupy the same nominal volume. Existing urinals are

retained. The flush medium is changed from sea water to fresh water.

Dr in lines from the commodes are replaced by vacuum tight 1-1/2 inch

lines. The flow in these lines can be horizontal, sloped upward at a

few degrees or even up a vertical rise of less than six feet.

3. Urinals drain by gravity to an interface valve which can-service up to

five urinals. This valve, the urine discharge valve, is normally

installed in the head space. It momentarily connects the vacuum, which

is downstream of the valve, to the gravity filled line ups-.tream of the

valve, It is self-powered, float operated. When the liquid level rises

suffootl" the float .opens an rcifice to vacuuui which pulis the urine

through. After the liquid level drops, the float reseals the orifice.

4. On vessels that have a sewage holding tank separate from the VCT,

garbage grinder slurry can drain by gravity to the holding tank or be

picked up by the VCT for subsequent transfer to the holding tank. The

choice will be affected by the relative locations of the garbage grinder

and the sewage holding tank. An interface device is required for

getting the ground garbage into the vacuum line. Options for the
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device are (1) an automatic gray water vdlve which Is similar to the urine

discharge valve, (2) vented tank, (3) open drum, The latter two drain

through a manual or remotely operated valve. Assuming no more than

40% of the daily ground garbage flow being generated at one mealtime

the tank or drum volume (including 20% extra for safety margin) would

be sized at 0.72 gal per capita.

S. Two general styles of vacuum collection equipment have been produced

and are available from JERED Industries. The small boat style is

oriented towards private cabin cruisers, yachts and charter fishing

boats. The equipment tends to be lighter, smaller, and less durable.

Smaller components are usually not designed for maintenance; defective

parts are replaced rather than repaired. Where the operational require-

ments are not severe, the equipment can provide more than adequate

service. Tank sizes available are 30, 60, 120 and 200 gallons with

liquid capacities of 20, 50, 100 and 167 gallons, respectively. All

sizes are normally provideýd with one Gast 0822 vacuum pump (oil

lubricated, sliding vane). With a duplicate vacuum pump in parallel,

all systcms are adequate for continual use by a crew of 16. By substituting

Gast 1022 vacuum pumps, system capacity can be increased to 21 men.

Pump models are almost identical except for motor rating. Manual valving

permits the pump to pressurize the vacuum tank to blow out the contents,

Although the small boat systems are normally installed with flexible hose

between components, the fittings will permit rigid piping.

6. The other style of vacuum collection equipment has been used for

naval ships and similar heavy usage applications. The equipment

tends to be heavier, stronger, more complex and designed for main-

tenance accessibility. Only one size will be required for the three

larger vessels in this stady: the V85003, installed singly on the
USS Kraus and In duplicate on the USS Spruance. The 250-gallon

VCT, holding approximately 200 gallons, is furnished with water ring

seal vacuum pumps, capable of continuous service for 200 men. The

pump that normally feeds an incinerator directly will transfer oollected

black water to the incinerator feed tank. Since this system does not
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incinerate collected sewage (and garbage slurry), the 5 HP Maz-O-Rator

pump (270 lbs) is eliminated from the VCT package. The incinerator

feed pump is used to transfer sewage to the holding tank. 4

7. Selections for black water collection plus holding tanks and one

optional combined collection/holding tank for the Point Herron are

given in Table 48. The maximum storage volumes (total of VCT and

t' holding tank) are based on assumed flow rates and the longest stay in

restricted waters, according to mission profile data. They provide

additional volumes equal to 20% of maximum liquid volume as safety

margin in the storage tank or as vacuum reservoir in the VCT. Option (b)

for the Point Herron is reflected In diagram 12b. The problems

associated with pulling a vacuum in a storage tank and aerating the

k contents are minimal in a small tank. They are partially offset by the

problems of aerating a small vented tank.

Table 48

MAXIMUM VOLUMES OF BLACK WA ER TANKS

Longcst VCT Holding Tank
Holding Time Maximum Discharge Compresed

Man- Required (11m) Size Vacuum Volume Pump Air
ning ptLonr gal Pumps al cu ft gpm SCFM

Gallatin (378') 152 97.5 a 250 WRS 2300 30? 30 31
Vigorous Q210.) 60 172.0 250 WRS 1540 206 24 21

Firebush (10') 50 277U P a 250 WNS 2145 287 30 29

Whfte Sage (133") 21 65.6 a 30 100,2 200 27 10 2.7

P(Uindco (1601) 501.0* 1 30 0822 1070 143 15 15

Point Herren 82') 99.0 a 30 0822 10 5 13.9 10 1.4

_ _._ _ 0 0 32 2 .. -

water ring seal type, included In VCT assembly.
* L'-acd on data from USCGC's Clamp and Shadbush with 101, additional for anticipated longer holding time requirements

8. In a vented holding tank used for sewage, aeration is required to prevent

septic, odor generating conditions. Compressed air is supplied by the

vessels low pressure system. The flow rates, given in Table 48 for the

maximum volume tank are based cn 16.3 SCFM of air per 1000 gal of

liquid. Pressure should nominally be 23 ft water column greater than
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the maximum depth of the holding tank. If tank size is less than
Fmaximum, air flow rate is reduced proportionately. Aeration is not

required for a vacuum collection/storage tank since generated odors

are removed by the vacuum pumps.

9. The flow through system is designed for a steady influent rate of

one gpm. Only one size (or capacity) system is currently available.

Table 49 presents the number of systems required for each vessel to

treat gray water only, the hours of operation of each system, the

expected volume of sludge per day and the maximum tank volume to

retain the sludge generated during the longest stay in restricted waters,
according to recorded mission profile data. The tank volumes include

an additional 20% of the maximum liquid volume as safety margin.

Table 49
j SYSTEM OPERATION AND VOLUME OF TANKS

Lodingest Total System bludge Influent

Vessel C Holding Time Flow No. of Operation Sludge Ho0,!n_ Tank Sage Tank
Size lc4 (Is) gpd System lu/day (each) gpd gal cu f al c

Galarin (378) 152 91.5 4560 4 19.0 380 1853 248 2335 312

Vikorous (210') 60 172.0 1800 2 15.0 150 1290 IL2 922 L23

Firobush (180') 50 277.9 11500 2 12.3 125 1737 232 75 103

While. Sage (133) 21 65.5 630 1 10.5 53 172 23 323 43SPamlico
(New Contruction) (160') 13 i01.0, 390 1 Li.5 32 S14 109 200 L 27

Poinr I 1V;ron (82) 8 99.0 240 1 4.0 20 9!) 13 123 16

•Basd on data from USCGC _ _ Clamp and Shadbush with W0 additional for anticipated lon-er hodbing time- equ-rem.nt.

10. Galley and turbid wastes are collected by gravity drains (separate from
each other and the sanitary vacuum lines) which lead to one or more

influent surge tank(s) for batch transfer to the treatement systein fe•gd

tank. The total volume of the surge tank(s), Including additional
volume equal to 20% of the liquid as safety margin, is given in
Table 49. The volumes were calculated as half the daytime flow
figuring that 80% of the turbid water and all of the galley water is

collected during the day. Each flow-through treatment system will
have its own surge tank pump, whether the number of tanks Is equal
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to or less than the number of systems. The pump(s) should be located

with the tank(s) but they need not be located near or on the same level

as the treatment systems.

11. Located within the bounds of the Grumman system framework are the

original 30-gallon feed tank, metering feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozone reactor, effluent

tank and effluent pump. The sludge holding tank must be located near
the ozone reactor but need not be within the Grumman System frame-

work. It could be located on a deck below, provided the foam and

centrifuge sludge can drain into it by gravity.

12. A design option fox the sewage holding tank and the sludge holding tank

is to have both functions accommodated in a combined holding tank

except for Option (b) for the Point Herron. This option uses a con-

solidated vacuum collection and holding tank. Storage and off loading

for both tanks are normally done at the same time. The combined

function tank is 84% larger than the sewage holding tank. Compressed

air flow would also be increased by 84%. If these functions remain

separate, the sludge holding tank will be provided with a gravity drained

or pumped connection to the sewage holding tank for use during off

loading.

13. During the system operation, the effluent pump periodically dis-

charges a nominal 7 gpm at 20 psig from the 10gallon effluent

tank. The effluent is piped to a riser leading to the overboard dis-

charge manifold. Where mul tiple WMS's are involved, they discharge
to a common riser.

14. Physical characteristics of the modified Grumman main structure and
other components are presented in Table 50. Resource requirements are

given in Table 51 and pipe connections or sizes are given in Table 52.
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Table 50
COMPONENT PHYSICAL CHARACTERISI•8T

WeIght (bs) Volume Dimensions (inches)
Dry Filled Cu ft Height Length Width

Commode 30 31 3.1 16.3 20.3 16.0

Urine Dischg. Valve 7 8 0.2 12.4 25.0 6 d7 a

Vac. Collect. Tank30 gal 57 223 4 .4 - 38.0 16. 0dia

200 gal 542 1927 33.5 72.0 6'2.0din
Vacuum Pump

0822 43 -1.0 18.0 10.0 10.0

1022 47 - 1.1 19.G 10.0 10.0

IM/T Pump 125 127 1.0 10.0 25.0 7.0

Vac. Coll. Tank As sy.

250 gal 5000 6900 165.0 66.0 72.0 60.0

Main Structure 3056 236.0 85.0 63.0 76.0

Tablp 51

WMS COMPONENT RESOURCE REQUIREMENTS

Component lie F V Pi 1 - Het A".- bLenc CooHAm
- ____ Ail SCM hqwater gpm

Vacuum Pump*

0822 1/2 120/240 1 60
1I022 3/4 320/240 Go

Vac.Coll.Tank A2ye 3 440 3 60
Vacuum Pump* a 440 3 60

Ova board Pumnp 3 440 3 60

Effluent Pump 1/2 440 3 60

•Controls 250 est- 120 1 60

Surge Tank Pump 1/2 440 3 60

Basket Centrifuge 2 208 3 60

Scoop Motor WJ.5 120 1 60

Ozone Generator 2100 120/208 3 60 2 1

Effluent Pump 1/3 115 1 60

Centrate Pump 1/8 us 1 60 1/4

Sludge Pump 1/4 120 3 60

Controb (GAC) .200 120 1 60 ,99

'Dual vacuum pump frequently run at the same time.
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Table 52
COMPONENT PIPE CONNECTION OR SIZE

Commode Outlet Pipe: I I/2-inch IPS
Water Supply: 1/2-inch ED Hose

Urinal Discharge Valve Inlet & Outlet; 1 1/2-inch IPS
Vacuum Tanks

30 gal Inlet & Outlet: 2-inch NPT

200 gal Vacuum Connection

250 gal See JERED D wg. H20118 CO01 (3 sheets)

Vacuum Pump

0822 and 1022 Inlet & Otatlet: 3/8-inch IPS

Macerator/Transfer Pump Inlet: 2-inch NPT
Outlet: I 1/4-inch NPT

From To Size (inches)

Sources Gray Water Surge Tank Existing

Influent Surge Tank Pump Basket Centrifuge 1/2 IPS

Effluent Pump Riser 3/4-1 IPS
__

15. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. In order to simplify riser piping and overboard

pumping operations, all wastes being collected or previously collected

are pumped from the sewage holding tank (or the optional combined

holding tank). For use in off loading, the G/T influent surge tank is

provided with a gravity drained or pumped transfer line to the sewage
holding tank as in diagram 12a, or pumped directly off the vessel as

in diagram 12b.

16. The sewage holding tank (or combined holding tank) will have a dis-

j charge pump plus a backup pump installed. Since present pier connections

accept a maximum of 30 gpm, all discharge pumps are limited to this

capacity. Minimum pump flow is 10 gpm, based upon a linear velocity

of 1.5 fps up to a minimum sized pipe riser of 1-1/2 inches. Discharge

pump flow rates are given in Table 48. The discharge pumps should be

capable of producing a positive pressure at the pier connection while

pumping at the specified flow.
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S 13. JERED Reduced Volume Flujh Vacuum
Collection/Grumman Flow Through
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1. This system provides flow-through treatment of gray wastewater with

rincineration of sanitary wastes, ground garbage slurry and gray water

sludge. The system ts a modification of the Grumman WMS. developed

for the Coast Guard, tested on the CGC Red Beech, and described in

the Grumman Operation and Maintenance Instructions. In addition to

internal changes in the treatment system, the method of collecting

sanitary wastes is different. The point of insertion of black water

into the system is also changed. The major components deleted are:

the influent screen, disk centrifuge and the Grumman incinerator. The

major components added are: an influent surge tank, surge tank pump

and a Thiokol incinerator subsystem. The subsystem it comprised of:

an incinerator, sludge feed tank, sludge pump, high pressure blower,

fuel oil day tank and pump.

2. Collection of sanitary wastes is accomplished by means of vacuum

collection subsystem. Black water volume is minimized by use of

reduced flush, vacuum operated commodes. They replace the existing

commodes and occupy the same nominal volume. Existing urinals are

retained. The flush medium is changed from sea water to fresh water.

Drain lines from the commodes are replaced by vacuum tight 1- 1/2 inch

lines. The flow in these lines can be horizontal, sloped upward at a

few degrees or even up a vertical rise of less than six feet.

3. Urinals drain by gravity to an interface valve which can service up to

five urinals. This valve, the urine discharge valve, is normally in-

stalled in the head space. It momentarily connects the vacuum,

which is downstream of the valve, to the gravity filled line upstream

of the valve. It is self-powered, float operated. When the liquid

level rises sufficiently, the float opens an orifice to vacuum which

pulls the urine through. After the liquid level drops, the float reseals

the orifice.
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4. An interface device is required for getting the ground garbage into

the vacuum line. Options for the device are (1) a gray water valve

which is similar to the urine discharge valve, (2) vented tank, (3)

open drum. The latter two drain through a manual or remotely operated

valve. Assuming no more than 40% of the daily ground garbage flow

being generated at one mealtime, the tank or drum volume (including

20% extra for safety margin) would be sized at 0. 72 gal per capita.

5. Two general styles of vacuum collection equipment have been produced

and are vailable from TERED Industries. The small boat style is

oriented towards private cabin cruisers, yachts and charter fishing ..

boats. The equipment tends to be lighter, smaller, and less durable.

Smaller components are usually not designed for maintenance; defective i
parts are replaced rather than repaired. Where the operational require-

ments are not severe, the equipment can provide more than adequate

service. Tank sizes available are 30, 60, 120 and 200 gallons with

liquid capacities of 20, 50, 100 and 167 gallons, respectively. All*1 sizes are normally provided with one Gast 0822 vacuum pump (oil

lubricated, slidinq vane). With a duplicate vacuum pump in parallel,

all systems are adequate for continual use by a crew of 16. By

substituting Gast 1022 vacuum pumps, system capacity can be increased I

to 21 men. Pump models are almost identical except for motor rating.

Manual valving permits the pump to pressurize the vacuum tank to blow

out the contents. Added to the t;mall boat VCT will be a recirculating

macerator pump which will reduce particulate size to prevent incinerator

nozzle clogging. It could optionally transfer sewage to the sludge tank

in place of air pressurized blowing of the VCT. Although the small boat

systems are normally installed with flexible hose between components,

the fittings will permit rigid piping.
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I Table 54

SYSTEM OPERATION AND GRAY WATER SURGE TANK VOLUME

System Total Incin. Cray ater
Gray Operation Incjn. Operation Surge Tank

Ve.s sl Man- Holding Time Water No. of hr/day Sludge Feed No. of hr/day
I Reuquired (Hs) Flow go Systems (each) gpd gpd imcin. (A8"OtgO) gal cuft

Galatin (378") 15 97. 5 4500 4 19.0 380 893 8 1816 2335 312

Vigoro0s (210) 60 172.0 1800 2 15.0 150 353 3 19. 6 922 123
F Flrebush (180") 50 277.9 1500 1 24.0 125 294 3 16. 3 768 103

SWh.te Sage (133) 21 65.8 630 1 10.5 53 123 1 20.5 323 43

Pamlico (160') 13 501.0** 390 1 6.5 33 76 1 12.7 200 27S(under constr.)

Point Herron (82') 8 99.0 240 1 4.0 20 47 1 7.8 123

f * Requis 4A increase in flow rate.

** Based on data from USCGC's Clamp and Shadbush with 101 additional for anticipated longer holding time requirements.

9. Galley and turbid wastes are collected by gravity drains (separate fromI each other and the sanitary vacuum lines) which lead to one or more

influent surge tank(s) for batch transfer to the treatment system feed

tank. The total volume of the surge tank(s), including additional volume
equal to 20% of the liquid as safety margin, is given in Table 54. The

volumes were calculated as half the daytime flow figuring that 80% of ths

turbid water and all of the galley water is collected during the day,

Each flow-through treatment system will have its own surge tank pump,

whether the number of tanks is equal to or less than the number of systems.

The pump(s) should be located with the tank(s) but they need not be located

near or on the same level as the treatment systems.

10. Located within the bounds of the Grumman system framework are the

original 30 gallon feed tank, metering feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozone reactor effluent

tank and effluent pump. New equipment, entirely within the framework,

are the sludge feed tank, sludge pump and incinerator blower. The

incinerator is mostly within the confines of the Grumman structure and

the shelf presently holding the disk centrifuge. The burner projects

beyond the shelf. The incinerator control panel is mounted externally
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to the framework. A preliminary Thiokol arrangement sketch shows the

location of the new Incineration equipment modifying the Grumman design.

11. A Thiokol flow diagram of the incineration subsystem depicts the relation-

ship of the added components. This diagram is modified by a revised

sludge flow schematic, substituting continuous sludge recirculation for

bubble aeration in the sludge feed tank. The drawings give intercon-

-necting line sizes. Thiokol drawing 7U45700 gives the cross section

-of an IR & D Incinerator with a bill of materials. It is modified by the

substitution of a high pressure Hauck burner as shown on the Outline

Drawing of the Sludge Incinerator. Drawing 7U47822 gives dimensions

and details of the Sludge Tank Assembly.

12. As shown in Table 54, the three larger vessels require more incinerators

than flow through systems. The extra incinerators will each have a

sludge feed tank, blower and fuel oil pump. The number and location

of fuel oil day tanks would be determined by incinerator locations. -On

the Gallatin, distribution of vacuum collected sewage will be to the

four incinerators that are not associated with flow through systems. The

independent incinerators on the Gallatin will operate 21.4 hr/day and

the built in units only 15.8 hr/day. Redundant VCT effluent pumps and

diverting valves will allow sequential filling of the independent sludge

feed Lanks. On the Vigorous and Firebush, the VCT will discharge to

all three incinerator feed tanks by means of one effluent pump dedicated

to each incinerator subsystem.

13. The flow through system effluent pump periodically discharges a nominal

7 gpm at 20 psig from the 10-gallon effluent tank. The effluent is piped

to a riser leading to the overboard discharge manifold. Where multiple

systems are involved, they all discharge to one common riser.

14. Physical characteristics of the modified Grumman main structure and

other components are presented in Table 55. Resource requirements are

given in Table 56 and pipe connections or sizes are given in Table 57.
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Table 55

COMPONENT PHYSICAL CHARACTERISTICS

r^reight (ibs) Volume Dimensions (inches)
ComponenZ

_ _Dry Filled cu ft Height Length Width

Commode 30 31 3.1 16.3 20 16 dia

Urine Dischg. Valve 7 8 0.2 12.4 - 5.6 diaI Vac. Collect. Tank*

S30 gal 57 223 4.4 38 16 dia

Vacuum Pump

0822 43 - 1.0 18 30 10

1022 47 - I.1 19 10 30
M/r Pump** 125 127 1.0 10 25 7

Vac. Coll. Tank Assy.

250 gal 5000 6900 165 66 72 60

Main Structure 4380 236 85 63+ 76f
I incinerator 800 - 23.8 40 49 21

Blower 260 - 1I1.0 24 36 22

Sludge Tank 50 220 6.5 31 30 12

Control Box 125 3.5 30 20 10

Fuel Oil Day Tank

Gallatin A 1778 38.1

Vigorous A 702 15.0

Firebush .A 585 12.5

White Sage A 246 5.3

Pamllco A 152 3.3

Point Herron A. 94 2.0

Includes tank and auxiliary components except for vacuum pump(s)

** Included in 250 gal VCT Assembly.I A Weight of oei.

+ Plus 10 inches for control panel, 20 in W x 30 H

tPlus projection of incinerator nozzle.
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Table 56

WMS COMPONENT •-ESOURCE REQUIREMENTS

a H IAp JAmbient Compressed Fne Oli Cooljng
Component 1-iP Watts JVolts Phasa et i ~M ArSF p Watr ,. m

AiS IM AfrSCRIj gph water gpm

Vacuum Pump*

0822 1/2 120/240 1 60

1022 3/4 1?0/240 60

Vac. Collect. Assy. 3 440 3 60

Vacuum PLump* 3 440 3 60

Overboard Pump 3 440 3 60

Effluent Pump 1/2 440 3 60

Conrols 250 est. 120 1 60

M/T PumM -2

Surge Tank Pump 1/2 440 3 60

Basket Centuifuge 2 208 3 60

Scoop Motor 115 120 1 60

Ozone Generator 2100 120/208 3 60 21

Effluen• Pu, Ip 1/3 115 1 60

Ct.ntrate Pump 1/8 115 1 60 1/4

Blower 2 208 3 60

Opt. '440

Incierator 208 3 60 100 12 1-1/2

Opt. 460 3 60

Fuel Oil Pump e.si.1/4 120 1 60

Sludge Pump 1/4 320 1 60
Cortutopi (GAG) est. 20C 120 1 60

Conttols (Tlaiolal) est.2001 120 1 60

Mal vacuum pumps frequently run at die same time.

For use with VCT on smaller vezsels.



Table 57

COMPONENT PIPE CONNECTION OR SIZE

Commode Outlet Pipe: 1 1/2-inch IFS
Water Supply: i/2i-inch ID Hose

Urinal Discharge Valve Inlet & Outlet: I 1/2-inch IPS

Vacuum Tanks

30 gal inlet & Outlet: 2-inch NPT
Vacuum Connection

25U gal See JERED Dwg. H20118C001 (3 sheets)

Vacuum Pump

0822 and j022 Inlet & Outlet; 3/8-Inch IPS

Macerator/Transfer Purmp Inlet: 2-Inch NPT
Outlet: I 1/4-inch NPT

Incinerator

blower Connection 2 1/2-inch NPT

Sludge Connejtion 1/2--inch NPT

Compressed Air 1/2-inch NPT

Sludge Tank Inlet I-inch flange

Oualet 1-inch flange

Blower 2 1/2-Inch NPT

I . rom To Size (inches)

SSources Gra y Wa ter S urge Ta nk Existing

Influent 3u.ge Tank Pump Basket Centrifuge 1/2 IPS

Fuel Oil Pump Incinerator 1/4 IPS

Effluent Pump Riser 3/4-1 IPS

Incinerator Atmosphere 7 1/2 ID x 14 OD*
Insulated Stack

* Stack may vary in size depending upon installation.
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15. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. The system is bypassed by pumping from the

black and gray surge tanks. Because of the disparate sizes and the

impracticality of passing large quantities of gray water through the

vacuum tank, each surge tank will have a riser to the overboard

manifold.

16. Each surge tank will have a discharge pump with the tank's transfer

pump serving as a backup. Since present pier connections accept a

maximum of 30 gpm, all discharge pumps are limited to this capacity.

Minimum flow for gray water discharge pumps is 10 gpm based on a

linear velocity of 1.5 fps up a minimum sized pipe riser of 1-1/2 inches.

Nominal pump out time should be one hour if the resulting flow rate

falls between these limits. Since the black water has passed through

a macerator, smaller pumps and smaller risers will be acceptable for

black water surge tank off loading. Nominal pump out time should

range from 30 to 60 minutes.
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14o GATX Reduced Volume Flush M/T Pump Collection/Holding Tank for
Concentrated Black Water/Holding Tank for Gray Water

.I Pier Connection

awl ,Overboard

Sewage TPump Galley

Collection

Deck Drains,
Garbage A/C Conden-
Grinder sate, D. F.

Sewage

*I Iq-'t• 9ps >I a

Holding Compressed Air
Tank
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This system provides no waste treatment but retains all wastes in

holding tanks for subsequent off loading. It is similar to System 9

except that the reduced fCush commodes and sewage transport method

are different. Existing commodes are replaced by GATX shock mounted,

single flush-pedal units with cable actuation of the flushometer valves.

The urinals are standard. Both fixtures drain by gravity into the suction

line of a macerator/transfer (MA) pump mounted below the deck. An

M/T pump can accommodate up to three commodes and the urinals

commonly associated with them. The suction line to the pump should

be short (up to eight feet to the farthest commode).

2. The commode flush mechanism incorpo.( te a switch which actuates

the M/T pump for each flush. If the piping arcangement will not

permit urinal wastewater to drain through the punmp while it is not

operating, then a counting mechanism will actuate thp M/T pump

after a nominal number (five) of urinal flushes. Flushing medium

will be fresh water instead of sea water. The sewer lines from the

M/T pumps to tho holding tank are changed to smaller diameter pres- I
sure pipes. Since they operate as filled lines, sloping is not

necessary.

3. The line from the garbage grinder to the sewage holding tank can be

gravity drained, separate from all other drain lines or it can be a

pressurized line joining the M/T pump discharge line leading to the

holding tank. Pressure would be generated by a solids handling pump.

The choice will be a function of relative locations of the garbage

grinder and the holding tank.

4. The maximum volumes of black water holding tanks required to hold

all black water that is generated during the longest stay in restricted

waters, according to recorded mission profile data, are given in

Table 58. They all include additional volume equal to 20% of maximum

liquid volume as safety margin.
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Ip
Table 5 8

lMAXMUM HOLDING TANK VOLUMES

5. he aniaryholingtan isae anted y tole preen septic

man- Longeds . . ae d ''~

c it oldsnC Time Coiiu preped Dbscharge Delchlrge
hould Requilrd (be 23 1 ecu m A tr Pump the Cmium Pump,•CFM gpm lgPm

"othhodntak Iftn size I les ha maimm ai flo rate

GaM411l (378) 152 975.5 22133 8 0 •, 2S0 29M 3

Vigorous$ (210') 60 172.0 1742 233 24 24 16, 480 2069 3e

Fi~bh 18') 50 2"77.9 23", M1 32 30 20,843 27986 3

rieh ate' iso redce pspriooey

White sage (133.) 21 65,5 2 4 3 3.2 20 2.063 276 10

Pamuco (160') !.3 1501. 0* 1099 147 15 15 9,770 2306 so

S (Under Constr.)

6 ArPoiwt Heeron hl82n') 99 tn0 r i34 13 1.8 10 1, 188 159 10

*Based on data hum USCGC's Clamp indSadlu with rai additional for anticipated longer holding time requirememtL

i

S. The sanitary holding tank is aerated to prevent septic, odor generating

conditions. Compressed air is supplied by the vessel's low pressure

system. The flow ratesi given in Table 58 for the maximum volume

tank, are based on 16.3 SCofM of aar per 000 gal of liquid. Pressure

should nominally be 23 ft water column greater than the maximum depth

of the holding tank. If tank size is less than maximum, air flow rate

rate is reduced proportionately.

6. A gray water holding tank receives gall e and turbid to water from

drain lines that rerpmaie seforate until reaching the holding tank. The

maximum tank volumes required to holk all gray water generated
during the longest stay In restricted waters. according to recorded

mission profile data is given in Table 58. They include ad(A~tonal

volume equal to 20% of maximum liquid volumn as safety margin.

7. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. If the G/T drain manifold is above the water-

line, a gravity bypass drain line will be installed to conduct waste-

water to the overboard scuppers. if a gravity bypass is not feasible,

gray water will be pumped from the G/T holding tank to the sewage
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holding tank and then pumped overboard. This latter arrangement is

also used for off loading collected wastes to a pier connection.

8. For the situation where the G/T holding tank does not match the

sewage holding tank in terms of retention time, and a gravity bypass

is not feasible, a separate riser is installed between the tank discharge

line and the overboard manifold. This permits dumping excess gray

water in restricted zones when the tank is full.

9. Each holding tank will have a discharge pump plus a backup pump

installed. Since present pier connections accept a maximum of 30 gpm,

all discharge pumps are limited to this capacity. Minimum pump flow

is 10 gpm, based upon a linear velocity of 1.5 fps up a minimum

sized pipe riser of 1-1/2 inches. Nominal pump out time for each

tank should be one hour if the resulting flow rate falls between these

limits. However, because of the relatively small volumes of the

sewage holding tanks on the three stnaller vessels and the transfer

sequence for off loading, the discharge pumping rate for the gray

water tanks should be reduced to that of the sewage discharge

pumping rate.
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15. GATX Reduced Volume Flush M/T Pump Collection/Incinerator for

Concentrated Black Water/Holding Tank for Gray Water

I---P -tA Pier Connection

I -Overboard

I ~Sewaige

M/T Pump Galley Turbid
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Dcck DrainsGarbage A/C Conden-

Grinder 1  sate, D. F.

.1

Gravity Bypass

IncinratorGalley/Turbli

Feed Tan~kHolding Tank

_• Blower

!4'

Incinerator -ue L l
Day' Tank
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1 * This system collects sanitary wastes by means of small diameter

pressure sewers. Reduced flush commodes help minimize the sewage

volume injected into the sewers by macerating/transfer (M/T) pumps.

Black water (including garbage slurry) is incinerated and the gray

water is stored for subsequent off loading.

2. Existing commodes are replaced by GATX shock mounted, single flush-

pedal units with cable actuation of the flushometer valves. The urinals

are standard. Both fixtures drain by gravity into the suction

line of an MAT pump mounted below the deck. An M/T pump can

accommodate up to three commodes and the urinals commonly asso-

ciated with them. The suction line to the pump should be short (up

to eight feet to the farthest commode).

3. The commode flush mechanism incorporates a switch which actuates

the M/T pump for each flush. If the piping arrangement will not

permit urinal wastewater to drain through the pump while it is not

operating, then a counting mechanism will actuate the MWT pump

after a nominal number (five) of urinal flushes. Flushing medium will

be fresh water instead of sea water. The sewer lines from the M/T

pumps to the holding tank are changed to smaller diameter pressure

pipes. Since they operate as filled lines, sloping is not necessary.

4. The line from the garbage grinder to the incinerator feed tank can be

gravity drained, separate from all other drain lines or it can be a

pressurized line joining the M/T pump discharge line leading to the

feed tank (or evaporator). Pressure is provided by a solids handling

pump. The choice will be a function of relative locations of the

garbage grinder and the feed tank.

116



5. Only one size of JERED incinerator Js currently available. It is rated

Sto bum 30 gph of slurry w ith a maxim um of 4% solids. The percentage
of solids in the feed is expected to range from 2 1/2 to 3%. A combustion
air blower is provided in the skid-mounted incinerator assembly. Only
one size of Thiokol incinerator subsystem is currently available, rated to
burn 6 gph of sewage sludge. This subsystem was originally designed
for use with another WMS installed on the CGC Red Beech. It is comprised
of the incinerator, high pressure blower (for combustion air), recirculating

sludge pump, oil day tank and pump, and electrical control box.

6. A Thiokol flow diagram of the incineration subsystem depicts the relation-

ship of the components. This diagram is modifted by a revised sludge

flow schematic, substituting continuous sludge recirculation for bubble
aeration in the sludge feed tank. The drawings given interconnecting
line sizes. Thiokol drawing 7U45700 gives the cross section of an IR

& D Incinerator with a bill of materials. It is modified by the sub-
stitution of a high pressure Hauck burner as shown on the Outline Drawing

of the Sludge Incinerator. Drawing 7U47822 gives dimensions and details
of the Sludge Tank Assembly. The peripheral equipment should be located
in the general vicinity but not necessarily adjoining the incinerator.

7. Incinerator selection and daily burn time Is given for each vessel in
Table 59. The incinerator feed tank is used to equalize the flow to the

incinerator and to dampen out surges. For the three larger vessels which
employ the Jered incinerator, the feed tank is sized to hold half the daily
flow plus 20% additional volume as safety margin. The three smaller
vessels employ the Thiokol incinerator subsystem but with resized feed

tanks (called sludge tanks by Thiokol). The feed tank on the White Sage

holds the full daily flow plus 33% additional volume as safety margin.

The feed tanks for the Pamlico and Point Herron will hold two days' flow
(plus safety margin) for incinerator operation every other day. This is

thermally more efficient and helps prolong the life of the incinerator.
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Tank volumes are also given in Table 59. The incinerator feed pump is

located with the feed tank but they need not be located near or on the

same level as the incinerator.

Table 59

FEED TANK SIZE AND INCINERATOR BURN TIME

Longest Black Feed Tank Volume Incinuation
Vcmiel Man Holding Time ater Flow Burn Time

_ _ _ _ Required (Hrq pd gal cu ft (hour/day)

Gallarin (378') 152 97.5 513 300 40 17. 1 J

Vigorous (210') 60 172.0 203 125 17 6.8 J

Firebush (180') 50 277.9 169 100 13 5.6 J

White Sage (133') 21 65.5 71 50 6.7 11.8 T

Pamlico (160') 13 501.0 ** 44 50 6,7 14 7* T

(Under Const.)

Point Herron (82') 8 99.0 0 6.7 9.0* T

* J J•W T TH"I'OKOL Every othe- day.

** Based on data from USCGC's Clamp and Shadbush with 10% additional for anticipated longer holding time

requremefnlt.

8. Physical characteristics, resource requirement3 and pipe connections

or sizes for the system components are given in Tables 60, 61 and 62,

respectively.

11
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Table 60
COMPONENT PHYSICAL CHARtACTERISTICS

Weight (lb) Volume Dimensions (inches)
Component

Dry Filled (cu ft) Height Length Width

Commode 80 81 3.5 19 21 15

M/T Pump 125 127 1.0 10 25 7

Incinerator Feed Pump (Jered) 144 147 2.6 16 30 9

Incinerator (Jercd) 2,000 - 102 63 "7 36

Incinerator (Thiokol) 800 - 23.8 40 49 21

Blower 260 - 11.0 24 36 22

Control Box 125 3.5 31 20 10

Fuel Oil Day Tank

Gallatin A 960 20.7

Vigorous A 382 8.2

Firebush 315 .i7

White Sage A 140 3.0

Pamlilco A 177  3.8

Point Herron A 107 2.3
i-

• = Weight of oil

Table 61

WMS COMPONENT RESOURCE REQUIREMENTS

Ambient .;ompressed Fuel Oil
Component ile Watts Volts Phase Hertz Amp. Air SCFM Air SCFM gph

M/T Purnp 1 1/2 440 3 0I

Incinerator (Jered) 440 3 60 10 max

110 1 60 1.0 15

Feed Pump 1/2 440 3 60

Blower 5 440 3 60 2,700*

OUl Pump 1/3 440 3 60 7.5 est

Controls 50 est 110 1 60

Incinerator (Thiokol) 208 3 60

opt 460 3 60

Blower 2 208 3 60 100 12 1.6
Opt 460 3 60

Oil Pump est 1/4 120 1 60

Feed Pump 1/4 120 1 60

Controls est. 200

* Combustion blower withdraws 720 SCFM. Compartnment ventilation required is

2700 SCFM (per incinerator). 119



Table 62

COMPONENT PIPE SIZE CONNECTIONS

Macerator/Transfer Pump: Inlet: 3-inch NPT
Outlet: 1 1/4-inch NPT

Incinerator (JERED)

Sludge Connection 1/2-inch NPT

Compressed Air 1/4-inch NPT

Stack 8-inch 150-lb steel flange*

Incinerator (Thiokol)

Blower Connection 2-1/2 inch NPT

Sludge Connection 1/2 inch NPT

Compressed Air 1/2 inch NPT

Stack 7-1/2 inch ID x 14 OD insulated stack*

*Stack may vary in size depending upon installation.

9. A gray water holding tank receives galley and turbid wastewater from

drain lines that remain separate until reaching the holding tank. The

maximum tank volumes required to hold all gray water generated during

the longest stay in restricted waters, according to recorded mission

profile data is given in Table 63. They include additional volume

equal to 20% of maximum liquid volume as safety margin.

Table 63

MAXIMUM GRAY WATER HOLDING TANK VOLUMES

Vessel .Man- Longest | gal Cu ft Discharge
ning Time I re-dI g Pump gpm

(5allatin (3789) i52 - 97.5 22,230 2,972 30

Vigorous (210') 60 172.0 15,480 2,069 30

Firebush (180') 50 277.9 20,843 2,786 30

White Sage (133') 2± 65.5 2,063 276 30

Pamlico (160') 13 501.0* 9,770 1,306 30

(new construction)

point Herron (8 2') 8 99.0 1,188 159 17

* Based on data from USCGC's Clamp and Shadbush with 10% additional for

anticipated longer holding time requirements.
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1 ~ While the vessel is in unrestricted waters, all liquid waters are

discharged overboard. If the G/T drain manifold is above the water-

line, provision can be made to bypass the holding tank. (The incinerator

feed tank cannot be bypassed.) If the vessel configuration will not ailow

gravity drainage overboard, G/T wastes drain to the holding tank from which

it is pumped overboard.

11l. The incinerator is bypassed in unrestricted waters by pumping black

water overboard from the incinerator feed tank. When the vessel is tied

up, both black and gray wastes are pumped to a pier connection. Since

the feed tank is small relative to the G/T holding tank and cannot readily

accept large volumes of gray water for off loading, each tank has its own

riser to the pier connection manifold. Valving permits isolation of lines

and independent discharge.

7 12. The gray water holding tank has a discharge pump plus a backup pump i'
installed. The Incinerator feed tank has a single overboard discharge

pump with the incinerator fecd pump as a backup. Since the present pier

f. connections accept a maximum of 30 gpm, discharge pumps are limited

to this capacity. Minimum pump flow is 10 gpm, based upon a linear

velocity of 1.5 fps up a minimum sized pipe riser of 1-1/2 inch. Nominal

pump out time for the tank should be one hour if the resulting flow rate

falls between these limits. The discharge pumps should be capable of

producing a positive pressure at the pier connection while Pumping at

the specified flow.
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16. GATX Reduced Volume Flush M/T Pump Collection/GATX Evaporator for
Concentrated Black Water/Holding Tank for GrayWater

IV~ -Pier Connection

Overboard

Sewage
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1. This system collects sanitary wastes by means of small diameter

iý,-znqure sewers. Reduced flush commodes help minimize the sewage

volume injected into the sewers by macerating/transfer (M/T) pumps.

Black water (including garbage slurry) is evaporated to a sludge and the

gray water is stored for subsequent off loading along with the black

water sludge.

2. Existing commodes are replaced by GATX shock mounted, single flush-

'pedal units with cable actuation of the flushometer valves. The urinals

are standard. Both fixtures drain by gravity into the suction
S~line of an M/T pump mounted below the deck. An M/T pump can

accommodate up to three commodes and the urinals commonly asso-

I ecated with them. The suction line to the pump should be shot, (up
4

to elQht feet to the farthest commode).

33. The commode flush mechanism incorporates a switch which actuates

* the M/T pump for each flush. If the piping arrangement will not

permit urinal wastewater to drain through the pump while it is not

opsrating, then a counting mechanism will actuate the M/T pump

after a nominal number (five) of urinal flushes. Flushing medium will

be fresh water instead of sea water. The sewer lines from the M/T

pumps to the holding tank are changed to smaller diameter pressure

j pipes. Since they operate as filled lines, sloping is not necessary.

4. The line from the garbage grinder to the incinerator feed tank can be

gravity drained, separate from all other drain lines or it can be a

pressurized line joining the M/T pump discharge line leading to the

feed tank (or evaporator). Pressure is provided by a solids handling

pump. The choice will be a function of relative locations of the

gatbage grinder and the feed tank (or evaporator).
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5, An evaporator feed tank may be used to properly distribute collected

wastes to multiple evaporators. Multiple evaporators occur on the three

larger vessels. The tank sizes, baaed on a half day's supply to the

evaporators plus 20% additional as a safety margin, are 300, 125 and

103 gallons for the Gallatin, Vigorous and Firebush, respectively. An

alternate possibility is the use of decentralized evaporators whereby

the waste sources aze allocated to specific evaporators. This would

permit shorter pressurized drain lines, simpler controls and distribution

and the elimination of the feed tank. On the three smaller vessels which

have only one evaporator each, an evaporator feed tank is not required.

The evaporator feed pump is located with the feed tank but they need

not be located near or at the same level as the evaporators.

6. The GATX evaporator is available in several sizes: 20, 40, 60 and

"80-gallon capacity with working capacities of 16.25, 32.5, 48, 75
and 65 gallons, respectively. Two ratings are important for an

evaporator. One is the boiled-down sludge capacity In terms of

man-days before the evaporator has to ba emptied. With fresh water

as the flushing medium, the four evaporator sizes will hold sludge

volumes equivalent to 267, 534, 801 and 1068 man-days, respectively.

7. The other important vdlue is the boil off rate. The evaporator must be

capable of boiling off the water as fast as it comes in, except fur the

incremental residual sludge. Based upon the data for the present

design 80-gallon evaporator, the boil of rates for the four sizes, in

terms of people accommodated, are: 6, 12 .5, 19, and 25 men.

However, by increasing the wattage of the electrical heaters, the

accommodation equivalents can be increased. Based on empirical

data for the 80-gallon evaporator, the four evapcrators will accommodate

17,5, 35, 52.5 and 70 men.

1364
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8. The number and size of evaporators required for the six vessels are

shown in Table 64. As seen in the table, the boil off rate is the

determining factor for selection. The greater volume will permit

extended periods between evaporator pump outs. A nominal over-

capacity allows for possible degradation in boil off rate as the

residual sludge level approaches maximum. Where the overcapacity

may be excessive (White Sage and Point Herron), a decrease in vwrattage

from the maximum rate will bring it into a reasonable range. For

reference, the longest stay in restricted waters according to mission

profile data is shown.

Table 64

EVAPORATOR SELECTIONS

Selection( 8y Basis) Pump
Vessel Holding Time Residual Volume Boil Off At High Rate .out Longest

D Required (Hrs) Equivalent Overcapacity Ftequc)y miasson
No.Gal DAYSNo. Ga men (days)__ (days)m m

Gallatin (318') 152 97.6 2 h, o 7.0 6 80 210 38 21 ___ 1.

Vigorous (210') 60 172.0 1 80 8,9 3 60 79 31 20 7.2

Fizebush (180') 50 277.9 1 80 1M.7 2 80 70 40 21 11.6

White Sage (133') 21 65.8 1 20 6.4 1 so 35 67 25 2.7

Pamlico (160') 13 501.0* 1 40 20.5 1 40 17.5 36 20 20.9
(Under Comnt.)

Point Herrorn (82') 8 99,0 1 20 16.7 1140 17.5 13 4.1

SBase on data from USOGC's Clamp and Shadbush with 101o additional for anticipated langer holdlng time requirements.

9. The minimum evaporator volumes needed to meet mission requirements

are determined as follows. Sludge accumulates at the rate of 0.061 gpcd

when using fresh water for flushing according to the GATX manual.

Residual sludge from the garbage grinder slurry is assuned to be approxi..
mately equal to the sanitary sludge. Since sludge will accumulate

twice as rapidly, the man-days of storage (from paragraph 6) are halved.

Boil- off rate requivalents (from paragraph 7) are halved because the per

capita flow rate is approximately doubled when garbage slurry is added.

125

ý 4



10. Special considerations must be given to multiple evaporator installa.-

tions. Transferfing collected sanitary wastes and garbage slurry from

the evaporator feed tank to the evaporators can be done with one pump

dedicated to each evaporator or with a single pump (plus standby).

diverting valve(s) and controls. Since the vapor leaving an evaporator

must pass through a catalytic oxidizer before venting above decks,

one Vapor Treatment System, including oxidizer, heater, thermal

switches, thermometer, compressed air supply and vent line, can

service each evaporator or one large unit can service all of them.

11. Physical characteristics, resource requirements, and pipe connections

for the system components are given in Tables 65, 66 and 67,

respectively.

Table 65

COMPONENT PHYSICAL CHARACTERISTICS

Weight Volume Dimensions
Component

Dry Filled cu ft Height Length Width

Commode 80 81 3.5 19 21 15

M/T Pump 125 127 1.0 10 25 7

Evap. Feed Pump 144 147 2.5 16 30 9

Evaporator

20 gal 300* 433* 13.2 43 - 26 die

40 gal 470* 743* 20.0 43 - 32 dia

60 gal 620* 1025* 27.1 46 - 36 dia
80 gal 750 1375* 32.8 50 - 38 dia

Sludge Pump 35 35 0.3 7 dia 15 -

Catalytic Oxidizer 90* - 0.3 18 - 6 dia
(uninsulated)

Controls 75 3.1 21 12 21

* Estimated. Dry tank weight taken as 2/3 power of ratio to 80-gal tank.
Water weight proportionately based on 65 gals in 80-gal tank plus 10 gals
in steam jacket.

126

II



Table 66

WMS COMPONENT RESOURCE REQUIREMENTS

Comporcnt lP Watts Volts pase Hertz Amp. Compressed Flush
__....___. . Air SCEM Water

MT Pump 11/2 440 3 60

Evaporator Feed Pump 1/2 440 3 60

Evapmtaor (Std) 30 puig

20 gal 1,373 440 3 60

40 gal 2,745 440 3 60

60 gal 4, 118 440 3 60

80 gal 5,490 440 3 60

Evaporator (High Rate) 30 psig

20 gal 3,843 440 3 60

40 gal '7,686 440 3 60

60 gal 11,629 440 3 60

80 gal 15.372 440 3 60

Sludge Pump 11/2 440 3 60

Vapor Treatment System

20 gal std. evap. 325 440 1 60 2.5

hl rate evap. 910 440 1 60 7

40 gal std. evap. 650 440 1 60 5

hi, ate evap. 1,820 440 1 60 14

60 gal std. evap. 975 440 1 60 '1.5

bi rart evap. 2,730 440 1 g0 21

80 gal std. evap. 2,300 440 1 60 10

hi rate evap. 3.640 440 1 60 28

Conrols 200 440 1 60
est.
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Table 67

COMPONENT PIPE CONNECTIONS

Macerator/Transfer Pump Inlet: 3-inch NPT

Outlet: 1 1/4-inch NPT

Evaporator Feed Pump Vertical: 1 1/2-inch Flange (125#)

Horizontal: I 1/4-inrch NPT

(Flow in either direction)

Evaporator

Waste Inlet (and sludge suction) 1 1/4-inch NPT

Vapor Outlet 1 1/2-inch NPT

Sludge Pump (in and out) 1 1/4-inch NPT

Vapor Treatment System (80-gal evap.)

Vapor (in and out) 1 1/4-inch NPT

Compressed Air 1/4-inch NPT

12. A gray water holding tank receives galley and turbid wastewater from

drain lines that remain separate until reaching the holding tank. The

maximum tank volumes required to hold all gray water generated during

the longest stay in restricted waters, according to recorded mission

profile data is given in Table 68. They include additional volume

equal to 20% of maximum liquid volume as safety margin.

Table 68

MAXIMUM GRAY WATER HOLDING TANK VOLUMES

Man Longest Hold. Dischare
vessel lng Time Rejriredi gal cu ft Pumphar

Gallatin (378') 152 97.5 22,230 2,972 30

Vigorous (210') 60 172,0 15,480 2,069 30

Firebush (180') 50 277.9 20,843 2,786 30

White Sage (133') 21 65.5 2,063 276 30

Pamlico (160') 13 501.0* 9.770 1,306 30
(new construction)

Point Herron (82') 8 99.0 1, 108 .159 17

* Based on data from USCGC's Clamp and Shadbush with 10% additional for

anticipated longer holding time requirements.
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13. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. The evaporators will be bypassed by pumping

directly overboard with the M/T pumps where there is no evaporator

feed tank. With a feed tank, an overboard discharge pump evacuates

wastewater as it is collected. The evaporator feed pump serves as

a backup pump.

14. If the G/T drain manifold is above the waterline, a gravity bypass drain

line will be installed to conduct wastewater to the overboard scuppers.

If a gravity bypass is not feasible, gray water will be pumped overboard

from the G/T holding tank, Because it is impractical to have the large'1 quantities of gray water pumped through the feed tanks (or evaporators)

for off loading, the feed tank and the gray water holding tank each have

a riser to the overboard manifold. Separate risers will also permit over-
II

board discharge of gray water in restricted zones where the G/T holding

tank does not have as much holding time as the evaporators.

15. Discharge pumps for the feed tank, evaporator(s) and G/T holding tank

are connected by valves and piping to the pier connection manifold. Each

evaporator comes with its own sludge pump. The G/T holding tank has a

discharge pump plus a badkup pump installed. Since present pier connections

accept a maximum of 30 gpm, the discharge pumps are limited to this capacity.

Minimum pump flow is 10 gpm, based upon a linear velocity of 1.5 fps up a

rinimum sized pipe riser of 1-1/2 inches. Nominal pump out time for the

G/T holding tank should be one hour if the resulting flow rate falls between

these limits.
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21I. This system provides flow-through treatment of gray wastewater with

holding of black water and gray water sludge. The system is a

modification of the Grumman WMS, developed for the Coast Guard,

tested on the CGC Red Beech, and described in the Grumman

Operation and Maintenance Instructions. In addition to internal

changes in the Grumman treatment system, the method of collecting

sanitary wastes is different. For the Grumman treatment system, the

major components deleted are: the influent screen, disk centrifuge

and incinerator. The major components added are: an influent surge

tank, surge tank pump, siudge holding tank and a sludge transfer

pump.

2. Collection of sanitary wastes is accomplished by means of small

diameter pressure sewers. Pressurization is provided by macerator/

transfer (M/T) pumps. Since pressure sewers operate full, routing

need not be sloped nor continuously descending. Gray water Is

collected by standard, gravity drained lines.

3. Reduced flush commodes minimize the sanitary sewage volume which

is subsequently incinerated. Flushing medium will be fresh water

instead of sea water. Exisiting commodes are replaced by GATX shock

mounted, single flush-pedal units with cable actuation of the flusho-

meter valves. They occupy approximately the same volume as standard

units. The urinals are standard. Both lixtures drain by gravity Into

the suction line of an M/T pump mounted below the deck. An M/T

pump can accommodate up to three commodes and the urinals commonly -

associated with them. The suction line to the pump should be short

(up to eight feet to the farthest commode).

4. The commode flush mechanism incorporates a switch which actuates

the M/T pump for each flush. If the piping arrangement will not

permit urinal wastewater to drain through the pump while it is not

operating, then a counting mechanism will actuate the M/A pump

after a nominal number (five) of urinal flushes.
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5. Sanitary sewage is collected and held in a storage tank for subsequent

off loading to a pier connection or overboard in unrestricted waters.

Slurry from the garbage grinder either drains by gravity to the holding

tank or it is transferred by a solids handling pump through the pres-

surized sewer lines. The choice is a function of relative locations

of the garbage grinder and the holding tank.

6. The maximum volumes of black water holding tanks required to hold

all black water that is generated during the longest stay in restricted

waters, according to recorded mission profile data, are given in

Table 69. They all inL•ude additional volume equal to 20% of maxi-

mum liquid volume as safety margin.

Table 69

MAXIMUM HOLDING TANK VOLUMES

Ma Longest compressed Discharge
Vessel ning Time Required Gal Cu Air SCFM Pump gpmntng ( rs).. . . . .. .!

Gallatin (378') 152 97.5 2501 334 34 30

Vigorous (210') 60 172.0 1742 233 24 24

Firebush (180') 50 277.9 2345 313 32 30

White Sage (133') 21 65.5 232 31 3.2 10
Pamlico (16 0') 13 501.0" |1099 /147 is is

(under constr.)

Point Herron (82') 8 99.0 103 2 i' 8 h 4 10

*Based on data from USCGC's Clamp and Shadbush with 10% additional for anticipated

longer holding time requirements.

7. The sanitary holding tank is aerated to prevent septic, odor generating

conditions. Compressed air is supplied by the vessel's low pressure

system. -The flow rates, given in Table 69 for the maximum volume

tank, are based on 16.3 SCFM of air per 1000 gal of liquid. Pressure

should nominally be 23 ft water column greater than the maximum depth

of the holding tank. if tank size is less than maximums air flow

rate is reduced proportionatelY.
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8. The flow through system is designed for a steady influent rate of

one gpm. Only one size (or capacity) system is currently available.

Table 70 presents the number of systems required for each vessel to

treat gray water only, the hours of operation of each system, the

expected volume of sludge per day and the maximum tank volume to

retain the sludge generated during the longest stay in restricted

waters, according to recorded mission profile data. The tank volumes

include an additional 20% of the maximum liquid volume as safety

I margin.

Table 70

__FLOW THROUGH SYSTEM, OPERATION AND VOLUME OF TANKS

Longest Toral System Sludge Influant

Vsret Holding Time Flo1wN°. of Oparation Sludge holding Tani. Surge Tank

Size Required (HMt) gpd Systems hr/day (each) gpd gal Cu ft gal cu ft

Gallatin (378') 152 9'7,5 4,560 4 19.0 380 1853 248 2335 312

Vigorous (210") 60 172.0 1800 2 15.0 150 1290 172 922 123

Firebush (180') 60 271.9 1500 2 12.5 126 1737 232 768 103

White Sage (133') 21 65.5 C30 1 10.5 43 172 23 323 43

Pamlico (160) 13 501.0* 300 1 6.5 32 514 109 200 21
(NoW Const.)

Point Herron (82-) 8 11 99.0 240 1 4.0 20 1 99 _1 13 1123 1 16

Based on data from USCGC's Clamp and Shadbush with 101 additional for anticipated longer holding tme requirements.

9. Galley and turbid wastes are collected by gravity drains (separate

from each other and the sanitary vacuum lines) which lead to one or

more influent surge tank(s) for batch transfer to the treatment system

feed tank. The total volume of the surge tank(s), including additional

volume equal to 20% of the liquid as safety margin, is given in

Table 70,. The volumes were calculated as half the daytime flow

figuring that 80% of the turbid water and all of the galley water is

collected during the day. Each flow-through treatment system will
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have its own surge tank pump, whether the number of tanks is equal

to or less than the number of systems. The pump(s) should be

located with the tank(s) but they need not be located near or on the

same level as the treatment systems.

10. Located within the bounds of the Grumman system framework are the

original 30-gallon feed tank, metering feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozone reactor,

effluent tank and effluent pump. The sludge holding tank must be

located near the ozone reactor but need not be within the Grumman

system framework. It could be located on a deck below, provided

the foam and centrifuge sludge can drain into it by gravity.

11. A design option for the sewage holding tank and the sludge holding

tank is to have both functions accommodated in a combined holding

tank. Storage and off loading for both tanks are normally done at the

same time. The combined function tank is 84% larger than the

sewage holding tank. Compressed air flow would also be increased

by 84%. If these functions remain separate, the sludge holding tank

will be provided with a gravity drained or pumped connection to the

sewage holding tank for use during off loading.

12. During the system operation, the effluent pump periodically discharges

a nominal 7 gpm at 20 psig from the 10-gallon effluent tank. The

effluent is piped to a riser leading to the overboard discharge manifold.

Where multiple WMS's are involved, they discharge to a common

riser.

13. Physical cha.acteristics of the main structure and peripheral com-

ponents are given in Table 71. Resource requirements are given in

Table 72. Pipe sizes of interconnecting lines between separately

installed components are given in Table 73.
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Table 71

WMS COMPONENT PHYSICAL CHARACTERISTICS

Component t (lbs) Volue mo
Dry Filled (cu ft) Height Length Width

Commode 80 81 3.5 19 21 15

M/T Pump 125 127 1.0 10 25 7

Surge Tank Pumps 144 147 2.5 16 30 9

Main Structure - 3056 236 85 63 76

Table 72

WMS COMPONENT RESOURCE REQUIREMENTS

Ambient CoolingComponent HP Watts Volts Phase Hertz Air SCFM Water gpm

M/T Pump 1-1/2 440 3 60

Surge Tank Pump 1/2 440 3 60

Basket Centrifuge 2 208 3 60

Scoop Motor 115 120 1 60

Ozone Generator 2100 120/208 3 60 Z 1

Effluent Pump 1/3 115 1 60

Centrate Pump 1/8 115 1 60 1/4

Controls est 200 120 1 60

Table 73

INTERCONNECTING PIPE SIZES

From To Size (Inches)

Commode M/T Pump 3 IPS

M/T Pump Black Water Surge Tank 1-1/4 IPS

Sources Gray Water Surge Tank Existing

Surge Tank Pumps Centrifuge/Sludge Feed Tank 1/2 IPS

Effluent Pump Riser 3/4-1 IPS
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14. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. In order to simplify riser piping andi overboard

pumping operations, all wastes being collected or previously collected

are pumped from the sewage holding tank (or the optional combined

holding tank). For use in off loading, the G,(T influent surge tank is

provided with a gravity drained or pumped transfer line to the sewage (3

holding tank. ,

15. The sewage holding tank (or combined holding tank) will have a dis-

charge pump plus a backup pump installed, Since present pier con-

nections accept a maximum of 30 gpm, 'all discharge pumps are limited

to this capacity. Minimum pump flow is 10 gpm, based upon a linear

velocity of 1.5 fps up to a minimum sized pipe riser of 1-1/2 inches,.

Discharge pump flow rates are given in Table 69. The discharge

pumps should be capable of producing a positive pressure at. the pier

connection while pumping at the specified flow.
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1 . This system provides flow through treatment of gray wastewater with

incineration of sanitary wastes, ground garbage slurry and gray water

-..sludge. The system is a modificaLion of the Grumman WMS, developed

for the Coast Guard, tested on the CGC Red Beech, and described in

the Grumman Operation and Maintenance Instructions. In addition to

internal changes in the treatment system, the method of collecting

sanitary wastes is different. The point of insertion of black water into

the system is also changed. The major components deleted are- the

influent screen, disk centrifuge and the Grumman incinerator. The

major components added are: an influent surge tank, surge tank pump

and a Thiokol incinerator subsystem. The incinerator subsystem is

comprised of: an incinerator, sludge feed tank, sludge pump, high

pressure blower, fuel oil day tank and pump.

2. Collection of sanitary wastes is accomplished by means of small

diameter pressure sewers. Pres•sure is provided by niarcerator/transfer

(M/T) pumps. Since pressure sewers operate full, routing need not be

sloped nor continuously descending. Gray water is collected by

standard, gravity drained lines.

3. Reduced flush commodes minimize the sanitary sewage volume which

is subsequently incinerated. Flushing medium will be fresh water

instead of sea water. Existing commodes are replaced by GATX shook

mounted, single flush-pedal units with cable actuation of the flusho-

meter valves. They occupy approximately the aame voiume as standard

units. The urinals are standard. Both flxtures drain by gravity into

the suction 14ne of an M/T pump mounted below the deck. An M/T

pump can accommodate up to three commodes and the urinals commornly

associated with them. The suction line to the pump should be short

(up to eight feet to the farthest commode).

4. The commode flush mechanism incorporates a switch which actuates

the M/T pump for each flush. If the piping arrangement will not
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permit urinal wastewater to drain through the pump while it is not

operating, then a counting mechanism will actuate the M/T pump after

a nominal number (five) of urinal flushes.

5. The black water surge tank Is sized to hold half a day's waste plus

- an additional 20% as a safety margin. Table 74 shows the volumes

designated for each vessel. Slurry from the garbage grinder either

drair-.h by gr-tvity to the surge tank or it is transferred by a solids

handling pumrp through the pressurized sewer lines. The choice is a

functiori of r.)Iati,;o locations of the garbage grinder and the surge tank.

A ,solids handling pumup transfers the waste on demand to the incinerator

sludge feed tc.nk.

6. The flow ti~ougi. systerf, which receivus gray water for complete treat-

ment is desig.'ed fo- a steady iif luunt rate of one gpm. Only one size

(or cvAn.clty) sv-temi is currentl.y;va1&,•, Table 74 presents the

number of systems required for- oach ves~e1, the number of incinerators

required, the hours of opera-ion of each system and each incinerator,

black water and gray water flowv and the. total :olumes of black and

gray water surge tanks.

Table 74

SYSTE.M OPERATION AND VOLUMES OF SURGE TANKS

"" . c. f., Cray w , Blak Watermc e an .H olding Tim e . W a ter O f Op er a t l - _~r 7. A V~l . uu _ r ,T n
U PRei~xe4 rjow I oys-1 h/day L %0 ! I. e-trflo•-,•• . . ,

~Ewh di = Y ~ ~ h/ Gal Cu P~Gal Cu P1~
_ _•"--

CA.UAdn (378) 1R Ir. 6 4560 4 191C01 Zia 18.6 2,336 312 30H1 41

]grgw (10) 50 277.9 1500 1 2A.0* .6M 294 3 16.3 758 103 10.1 13.5

WhIte Sage (133) 21 66. b 630 1 V.I E 71 123 1 20.61& 3~ 43 41s 5,7?

P-mlAHCO (160") 13 $01. O* 390 1 : C45'6 1 1L. .7 200 27 2 3.5

(Une cow",,. 81 9 .C , .Q ef Il 1 78 13 H i .

Rqdi6 %Immsei pa rate.
**au on o~pbq FC~jc&E

* I d a 9Dd -b-f W I 101 AddW a1 fo aa cpar'ýd Jopgar holdlug m quIrefrau.
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7. Galley and turbid wastes are collected by gravity drains (separate from
each other and the sanitary vacuum lines) which lead to one or more

influent surge tank (s) for batch transfer to the treatment system feed

tank. The total volume of the surge tank (s),including additional volume

equal to 20% of the liquid as safety margin, is given in Table 74. The

volumes were calculated as half the daytime flow figuring that 80% of the

turbid water and all of the galley water is collected during tho day.

8. Each flow-through system and each incinerator feed tank will have

dedicated surge tank transfer pumps for all vessels except the Gallatin.

For example, on the Vigorous two pumps are used to deliver gray water

to the two flow through systems and three pumps to deliver black water

to the three incinerators. On the Gallatin, the gray and black water

surge tanks will each have redundant pumps with diverting valves to

feed the treatment systems and incinerators, rcspoctively. All black

wzkter will be sent to the independent incinerators leaving gray water

sludge for the built-in incinerators. The independent in.ciueratars will

operate 21.4 hr/day ard the built-in units only 15.8 hr/day on the

Gallatin. The pumps should be located with the aurge tank but they need

not be located near or on the oarne level as the treatment systems or

incinerators.

9. Located within the bounds of the Grumman system framework are the

original 30-gallon feed tank, meteritg feed pump, basket centrifuge,

centrate tank, centrate pump, ozone generator, ozoaie reactor effluent

tank and effluent pump. New equipment, entirely within the framework,

-are the sludge feed tank, sludge pump and incinerator blower. The

incinerator is mostly within the confines of the Grumman structure and

the shelf presently holding the disk centrifuge. The burner projects

beyond the shelf. The incinerator control panel is mounted externally

to the frame#,ork, A preliminary ThiokoJ arrangement sketch shows the.

location of the new incineration equipment modifying the Grumman

design.
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10. A Thiokol flow diagram of the incineration subsystem depicts the

relationship of the added components. This diagram is modified by

a revised sludge flow schematic, saibstituting continuous sludge re-

circulation for bubble aeration in the sludge feed tank. The drawings

give interconnecting line sizes. Thiokol drawing 7U45700 gives the
cross section of an IR & D Incinerator with a bill of materials. It is

modified by the subsitutlon of a high pressure Hauck burner as shown

on the Outline Drawing of the Sludge Incinerator. Drawing 7U47822

gives dimensions and details of the Sludge Tank Assembly.

11. The flow through system effluent pump periodically discharges a nominal

7 gpm at 20 psig from the 10-gallon effluent tank. The effluent is piped

to a riser leading to the overboard discharge manifold. Vhere multiple

systems are involved, they all dischtarge to one common riser.

12. Physical characteristics of the modified Grumman miain structure and

other components are presented in Table 75. Resouwce requirements are

given in Table 76 and pipe connections, or sizes are given in Table 77.

13. While the vessel is in unrestricted waters, all liquid wastes may be

discharged overboard. The system is byp.ssed by pumping from the

black and gray surge tanks. Because of the disparate sizes and the

small volume of some black water surge tanks, each surge tank will have

a riser to the overboard manifold.

14. Each surge tank will have a discharge pump with the tank's transfer

pump serving as a backup. Since present pier connections accept a

maximum of 30gpm, all discharge pumps are limited to this capacity. ,J

Minimum flow for gray water discharge pumps is 10 gpm based on a

linear velocity of 1 .5 fps up a minimum sized pipe riser of 1 1/2 inches.

Nominal pump out time should be one hour if the resulting flow rate

fanls between these limits. Since the black water has passed hrough

a macerator, smualler pumps and smaller risers will be acceptaW'J for

black water surge tank off loading. Nominal pump out time should

range from 30 to 60 minutes.
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Table 75

WMS COMPONENT PHYSICAL CHARACTERISTICS

Component Weight (lbs) Volume Dimrnuson_ (inchx)

Dry Filled (Cu ft) Height Le,_ngth _ _d_

Commode 80 81 3.5 19 21

M/T Pump 125 127 1.0 10 25 7
Surge Tank Pumps 144 147 2.5 26 30 9

Main Structure 4,380 236.0 8., 63* 76**

Incinerator 800 - 23.8 40 49 21

Blower 260 - 11.3 24 36 22

Sludge Tank 50 220 6.5 31 30 12

Control Box 125 - 3.5 30 20 10

Fuel Oil Day Tank

Gallatin A1778 38.1

Vigorous A 702 15.0

Firebush A 585 12.5

I White Sage A 246 5.3

Pamlico A 152 3.3

Point Hterrcn A 94 2.0

* Plus 10 inches for control panel, 20 in. W x 30 H

** Plus projection of incinerator nozzle.

A Weight of oil
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Toble 76

WMS COMPONENT RESOURCE REQUIREMENTS

IP~x ~ ~ Ambienlt Compressed Fuel Oi o olimp-
1 Corponenr lP Wats Iod I Air SCF M Air SCFI gph Water gpM

M/T Pump 1-1/2 440 3 60

Surge Tank Pump 1/2 440 3 60

Basket Centrifuge 2 208 3 60

Scoop Motor 115 120 1 60

Ozone Gencrator 2100 120/208 3 60 21

..Effluenf Punip 1/3 115 1 60

Ccnurate Pump' 1/8 U.15 1 60 1/4

Incinerator 208 3 60 100 22 1-1/2

Opt. 460 3 O0

plower 2 1208R 9 60

Opt. 460 • 60

Fuel Oil Pump est.1/4 190 a 60

Sludge Puflip 1/4 120 60

Controls (GAC) cst.200 120 1 60

Controls (111sholo) cst.20 120 1 60
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Table 77

INTERCONNECTING PIPE SIZES

From To Size (inches)

Commode M/T Pump 3 IPS

M/T Pump Black Water Surge Tank 1 1/4 IPS

Sources Gray Water Surge Tank Existing

Surge Tank Pumps Centrifuge/Sludge Feed Tank 1/2 IPS

Fuel Oil. Pump Incinerator 1/4 IPS

Efflient Pump Riser 3/4-1 IPS

Incinerator Atmosphere 7 1/2 ID x 14 OD*

Insulated Stack,

: -- * Stack may vary in size depending upon installation.
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